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> Dornc is the key word in education through science. By doing their 
own experiments, students escape the sterile introspection that comes 
from mere repetition of the great words of the past. They come into 
contact with the real world around them. Science has to do with the 
properties of matter, the behavior of living creatures, the concrete 
phenomena of the world. 

Students of science attack the problem of understanding the world 
by learning about some particular section of it. They collect materials, 
they try experiments, they exchange information with others working 
in related fields. The true science teacher will build the course around 
the laboratory desk, so the student may learn through his own senses, 

Having mastered some part of the world around him, the student's 
next impulse is to tell somebody about it. The effort of building an 
exhibit leads him to clarify his thought. This discipline has far more 
meaning for the student than merely “reading up” on the subject of 
his choice. 


Recognition of students’ accomplishments comes through competi- 
tion in local science fairs and the National Science Fair. Interest in 
science, which has somewhat languished of late, is stimulated. Many 
sections of the community are often drawn together in new planes 
of interest. Professional opportunities are opened for promising 


youngsters whose horizons may have been too limited. 

CHEMISTRY magazine, in its end-of-the-year issues, has tried to 
bring together material of interest to builders of scientific exhibits. 
Two of these issues (Show Book, 1949, and Exhibit Techniques, 1951) 
are now out of print. In this, the current issue of this series, new materi- 
al is blended with some from those, now unavailable, with the object of 
passing along some useful know-how to those who want to let every- 
body see what they can do. 
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> A ScrENCE Fair on opening night is a thrilling occasion for every- 
body concerned. This photograph shows the first session of a Lehigh 
Valley Regional Science Fair, held at Allentown, Pa. 


Science Exhibits 


science 


> A GooD exhibit origi- 
nates in a strong interest in some 
aspect of the world around us, 
a desire to learn more about the 
topic, and a wish to show people 
its challenging points. 

The interest may embrace a 
whole field, such as chemistry, 
biology, electronics. But such a 
field is too broad to be illustrated 
by an exhibit. It should be nar- 
rowed to the presentation of a 
single main idea, and the build- 
ers ingenuity brought into play 


to devise a simple, direct and 
dramatic form in which that idea 
may be explained to the persons 
who pass by. 

Science exhibits built by stu- 
dents are the heart of the Science 
Fairs which have become a note- 
worthy part of science education 
in the secondary schools. Work- 
ing up such an exhibit gives a 
student fine training in where to 
get information, how to sort out 
the important points, how to show 
them and why dramatic effects 
make explanations easy. 





The National Science Fair 
brings together into a culminating 
activity the scientific interests of 
boys and girls from all parts of 
the country, using rivalry of the 
home town spirit but stressing 
the friendliness of those who have 
the same hobbies and interests. 
Selected from the best local fairs, 
the National Science Fair pre- 
sents each year examples of the 
serious scientific work on which 


many of today’s young people are 
already embarked before they 
have finished high school. 

Out of experience in adminis. 
tering the National Science Fair, 
first in 1950, and the Science 
Talent Search, started in 194) 
Science Service has compiled andi 
presents on pages 17-38 examples 
of excellent research work origi 
nated and performed by teen age 
scientists. 


An Exhibit Tells a Story 


> AN ExuiBiT of scientific work 
tells a story. When you build and 
show such an exhibit you are 
striving to tell your audience how 
some part of the world around us 
has come to have special mean- 
ing for you. 

The most successful approach 
in telling story comes 
usually from an exhibitor whose 
topic has grown out of a hobby. 
The most despairing approach is: 
“Ive got to have an_ exhibit. 
What would make a good one? 
What do the judges want me to 
do?” 

People in many kinds of ac- 
tivities have make 
displays showing some _ process 
involving materials. Chemists, es- 
pecially, work with natural sub- 
stances, with the processes by 
which substances are manipu- 
lated, and with manufactured 
products which, they hope, will 
be useful to their fellow-men. For 


such a 


occasion to 


this reason the editors of CHEMIs- 
try include in this volume data 
on exhibits outside the narrow 
field of chemical experiments. 
Chemists have a hand in every 
kind of material, for every sort of 
use. 

Science hobbies often begin 
with collections of natural objects, 
such as stones or sea-shells. Small 
children are usually avid collec- 
tors of such material, and many 
scientists date their interest in 
their specialties back to their 
childhood hobbies. 

Living plants and small animals 
interest other collectors. Some 
find pleasure in assembling pre- 
served samples of many different 
objects and arranging them ac- 
cording to some _ classification 
scheme. Others like to maintain 
living collections in gardens, in 
aquariums, as pets, or even in 
private zoos. 

fechanically-inclined people 
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> Jupcinc is done by a committee of local scientists and engineers. 
Finalists, usually a boy and a girl, go to the National Science Fair. 


ten try their hands at construc- 
ting scientific Many 
amateur astronomers grind lenses 


instruments. 


ind construct telescopes. Cameras 
and spectroscopes are added. 
Mass 


counters 


Geiger 
scintillation 
the 

amateurs 


spectrometers, 


and coun- 


ters are among newer in- 


struments which can 


make and use. Electroscopes and 


standard 
pieces of apparatus for showing 
charged-particle ionization. 
Process stories, showing raw 
materials and steps in manu- 
facture, are especially prominent 
in chemical exhibits. Occasionally 


cloud chambers are 
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a pilot-plant operation can be 
carried out on a miniature scale, 
so that visitors can watch actual 
transformations going on before 
their eyes. This has all the charm 
of a “magic” show. It is, however, 
difficult to keep in operation 
properly, and potentially danger- 
ous to the public if breakage or 
leaks occur. 

A frequent compromise simu- 
lates parts of the apparatus, using 
drawings and photographs. Sam- 
ples of raw materials and finished 
products are shown, 
times intermediate products 
which contrast with the other 
materials. 


and some- 





Industries centered in the 
neighborhood are often taken as 
the theme of local exhibits. These 
are of particular interest to visi- 
tors who can identify the parts 
they themselves play in the pro- 
cess pattern displayed. 

Similar layouts, showing the re- 
lationship of local topography 
and geological outcrops to the 
kinds of manufacturing, mining, 
farming or other activities char- 
acteristic of the region, are of 
general interest. 

Subjects of a more technical 
nature require different types of 
presentation according to the 
audiences to which they are to 
be shown. A process can be ex- 
plained to a group of technicians, 
familiar with similar processes, 
with minimum use of showman- 
ship. The demonstrator must, 
however, be able to answer de- 
tailed questions in a manner 
satisfactory to his audience. 

To explain the same process to 
casual visitors whose special in- 
terests lie in different fields, a 
great deal of material related to 
every-day experience must be 
brought into the exhibit to catch 
their interest. Technically train- 
ed people are often impatient 
with this approach, which is un- 
necessary for them. 

When exhibits are to be placed 
in competition, the problem of 
pleasing the technically-trained 
judges is superposed upon the 


f 


basic problem of pleasing 
general audience. 

Since the choice of subjects 
usually left to the exhibitor, 
question arises as to whether the 
chosen subject comes within the} 
scope of the show. This leadg 
eventually to the question: “What 
is science?” which can be as broad 
as the universe. 

Material presented here is de- 
signed, not to tell the reader what 
to show, but to help him with 
some of the technical details of 
how to show his exhibit. 

From chemists we have borrow- 
ed methods of making interesting 
chemicals and isolating unusual 
substances. From naturalists we 
have taken ideas for making col- 
lections and caring for growing 
things. From physicists we have 
collected directions for construct- 
ing and using instruments for 
scientific observation and mea- 
surements. 

Museum experts have contribu- 
ted ideas on displaying the re- 
sulting treasures. People with 
many kinds of experience in pack- 
ing and shipping offer valuable 
hints on how to take your exhibit 
to the science fair and bring it 
home safely. 

The object of this material is to 
give the inexperienced person, of 
whatever age, some practical 
pointers on designing, construc- 
ting and caring for the materials 
which tell the story of his interest 
in science. 
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Come to the Fair! 


>» “Come to the fair” is the invita- 
tion from Science club members 
vhen they exhibit their projects 
to their fellow students, teachers, 
rents, and the public. 

Science fairs are now just as 
fundamentally a part of Ameri- 
an life as are the country fairs 
that did so much to build 
igriculture and industry. 
The simplest of fairs consist of 
xhibitions of science projects 
ield in the school itself. There are 
shown all the experiments, collec- 
tions, and displays that have been 
vorked out by students either in 
lass time or as extra-curricular 
science club activities. In_ this 
form only the other boys and girls 


our 
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and the teacher see the exhibits; 
but enthusiasm soon spreads to 
make them a feature of a meeting 
or a showing to which parents are 
invited. 

The exhibits considered most 
likely to compete favorably with 
those from other schools and 
clubs are sent to city-wide or 
area science fairs. 

In holding a science fair in a 
locality, the schools, industries, 
colleges, and newspaper usually 
cooperate. A teacher's committee 
takes the initiative and a news- 
paper, as part of its education 
service to the community, often 
will it, assisting on the 
publicity, promotion, arrange- 


sponsor 
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ments and financing. Science 
Clubs of America, administered 
by Science Service, Washington, 
D.C., will make available the 
“know-how” of conducting a fair. 
This has been acquired from aid- 
ing and observing the hundreds 
of science fairs that have been 
held in recent years in various 
parts of the country. 
Honers and Awards 

Exhibitors in the fair are re- 
warded by the stimulation of 
having their work shown and by 
receiving certificates indicating 
the impression their work made 
on the judges. These correspond 
to the red, blue and white ribbons 
of agricultural fairs. Other a- 


wards, ranging from emblems to 
cash prizes and scholarships, are 


sometimes given. 

A typical science fair will have 
several hundred exhibits, viewed 
by thousands of people who visit 
an exhibition hall which may be a 
school or college gymnasium, an 
armory, a museum, or other such 
area. Some science fairs, even in 
large cities, accept the maximum 
number of exhibits the hall will 
allow. In other cases, the city or 
area fair receives only an allotted 
number of exhibits from each 
school which holds its own elimi- 
nations first. 

The exhibits judged by 
committees of scientists, engi- 
neers, and other experts of the 
community, using rules adapted 
from judging standards now na- 


are 
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tionally approved. These are 
available to those requesting 
them. 

Local science fairs usually are 
held not later than April. This al- 
lows students and club members 
to work on their projects during 
most of the school year. It also 
gives enough time for entering the 
national event. Often projects are 
started as soon as school opens in 
the fall, and some students get “a 
head start” by working on ex- 
hibits during the summer vaca- 
tion. 

The National Science Fair 

At local fairs the best exhibits 
are selected for entry into the an- 
nual National Science Fair, held 
in a different city each year, 
under the auspices of Science 
Clubs of America and coopera- 
ting organizations. Usually one 
boy and one girl finalist are selec- 
ted and are sent to the National 
Science Fair as guests of the local 
cooperating organizations. 

The exhibitors whose projects 
are judged best in local competi- 
tions are eligible to enter the 
National Science Fair when spon- 
sored to this event by local groups 
— often a newspaper. The spon- 
sor sends the finalist and exhibits 
to the city where the National 
Science Fair is held. 

Each finalist receives a rainbow- 
ribboned solid silver and gold 
medal engraved with his or her 
name and that of the host sponsor. 

A facsimile medal and certifi- 
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the school of each finalist, to be- 
come a trophy in the school’s 
collection. 
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5 al- On the basis of critical judging, 
bers } 12 finalists receive “Wish Awards” 
ring } — selected scientific equipment 
also } and materials which each win- 
;the | ner feels will help him in the 
are | furtherance of his experimenta- 
1S M | tion. 
ta All finalists participate in a 
€x- | three-day program of scientific 
aca- | sightseeing and meetings with 
leading scientists as well as the 
public. At the same time they 
ibits | become acquainted with other 
» an. | finalists having similar interests, 
held | compare work of others and thus 
rear. | carry back to their local situations 
ence | 22 enthusiasm and _ stimulation 
sera- | that will be reflected by others 
one | in future years. A record of the 
elec- | subsequent achievements of all 
ional | finalists is being maintained to 
local | evaluate further the program as a 
means toward encouraging future 
jects scientists, engineers, and techni- 
ypeti- | cians. 
the 
spon The Rules 
oe > Ix tHE National Science fair the 
spon- 
hibits exhibit, not the person is judged. 
ional | However, the visitors will want 
things explained, and the judges 
‘bow- | Will question some of you. If your 
gold| exhibit represents a real interest 
r her} You will enjoy talking about it. 
ynsor,) You are out for a good time 
ertifi-| Which should prove educational 





as well. 
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Educationally Valuable 

The whole science fair program 
is educationally sound. It allows 
the student to select freely the 
project upon which he plans to 
work. Automatically he leads 
himself through a study of the 
bed-rock principles of his chosen 
topic, thus acquires a basic funda- 
mental understanding of the facts 
and techniques involved. After 
he shows his exhibit he can per- 
sonally evaluate what he has done 
and compare it with the efforts of 
others of his own age who have 
similar interests. As a result he 
sets new horizons for himself and 
tries to better previous records. It 
has been well established that a 
skills 
can be made only by comparing 
exhibits against each other both 
at local and at national levels. 
Every area in which fairs have 


satisfactory evaluation of 


been held several years in suc- 
cession reports that current exhi- 
bits become better year by year. 


of the Fair 


Group Exhibits 

Only exhibits by individuals 
are allowed in the National Sci- 
ence Fair. Group exhibits are not 
admitted. 

Some of the local fairs are set 
up to judge the exhibits made by 
boys separately from those made 
by girls. Awards of equal value 
are made, but are generally pro- 


— 


‘ 





rated on the basis of ratio of 
total number of boys’ exhibits 
entered against those entered by 
girls. The National Science Fair is 
arranged as such a dual competi- 
tion. 





Although only individual ex- 








hibits are allowed in national 








competition, group exhibits are 
allowable in some local fairs. But 














group exhibits always are judged 
apart from those made by in- 
dividuals. 




















Judging the Fair 











Judges are appointed to evalu- 
ate exhibits in one group or class. 
All references to the names of the 
exhibitors or the schools from 
which they come are covered 
during the judging. The judges 
see only the title of the exhibit, 
and a list of the parts made and 



























































those purchased or borrowed. 
Sometimes judges are informed of 
the average age of the exhibitors 
and whether they are boys or 
girls. 



































Usually at least one authority 
in the subject field to be judged 
is appointed to the group of 
judges. However, the judges have 
considerable latitude and may 
give greater values to some cri- 
teria, less weight to others, or 
substitute other criteria, if they 
choose to deviate from the usual 
procedure. Exhibits showing long 
range study and effort may be re- 
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evalued on point score scale. In 
each case the opinion of the 
judges is final. All come to a 
unanimous decision and sign the 
score sheet. 
Criteria for Judging 
Most of the local fairs adhere to 
the point score system and criteria 
on which the National Science 
Fair is judged. This is: 
I.—Creative Ability Total 30 Pts. 
How much of the work appears 
to show originality of approach 
or handling? Judge that which 
appears to you to be original 
regardless of the expense of 
purchased or borrowed equip- 
ment. Give weight to ingenious 
uses of materials, if present. 
Consider collections creative if 
they seem to serve a purpose. 
II—Scientific Thought Tot. 30 Pts. 
Does the exhibit disclose or- 
ganized procedures? Is there a 
planned system, classification, 
accurate observation, controlled 
experiment? Does exhibit show 
a verification of laws, or a cause 
and effect, or present by models 
or other methods a_ better 
understanding of scientific facts 
or theories? Give weight to 
probable amount of real study 


and effort which is represented 
in the exhibit. Guard against 
discounting for mechanical per- 
fection, limited coverage, or 
what might have been added 


or included. 


SCIENCE EXHIBITS 


lIl.- 


th 


re to 
teria 
ence 


) Pts, 
dears 
oach 
thich 
ginal 
e of 
juip- 
nious 
‘sent 
ve it 
Ose. 
) Pts. 
> or- 
ere a 
ition, 
‘olled 
show 
cause 
odels 
etter 
facts 
it to 
study 
ented 
yainst 
| per- 
e, oF 
idded 


HIBITS 


lIl—Thoroughness Total 10 Pts. 
Score here for how completely 
the story is told. It is not es- 
sential that step by step eluci- 
dation of construction details 
be given in working models. 

[V.—Skill Total 10 Pts. 
Is the workmanship good? Un- 
der normal working conditions, 
is exhibit likely to demand fre- 
quent repairs? In collections, 
how skilled is the handling, 
preparation, mounting, or other 
treatment? 

V.—Clarity Total 10 Pts. 
In your opinion, will the aver- 
age person understand what is 
being displayed? Are guide 
marks, labels, descriptions neat- 
ly yet briefly presented? Is 
there sensible progression of 
the attention of the spectator 
across or through the exhibit? 

VI.—Dramatic Value Total 10 Pts. 
Is this exhibit more attractive 
than others in the same field? 
Don't be influenced by “cute” 
things, lights, buttons, switches, 
cranks or other gadgets which 
contribute nothing to the ex- 
hibit. 

Suggested Rules for Fairs 
The following suggested local 

science fair rules are issued by 

Science Clubs of 

guide. 

l. Exhibits on any scientific 
subject made by students may be 
entered if they are enrolled in any 
class from through 


America as a 


grade 


grade 12 in any public, private or 
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parochial school in 
covered ). 


(list areas 

2. A contestant may enter only 
one exhibit, either as an individ- 
ual or in a group. All work on 
exhibits must be done by the in- 
dividual or group. Teachers or 
sponsors may advise but must not 
build any part of the exhibit. An 
exhibit must not be an identical 
repetition of one shown by the 
same exhibitor or same group at a 
Science Fair of a previous year. 

3. Exhibits must be confined to 
a space 4 feet side to side, 3 feet 
front to back, and may be mount- 
ed on either floor or table. There 
is no control on height. Oversize 
exhibits will be disqualified. 

4. Construction must be dur- 
able; movable parts firmly attach- 
ed; safe. All switches and cords 
for 110-volt operation must be 
of approved variety. Each house- 
current-operated exhibit must be 
provided with six or more feet of 
cord, and the popular style of 
parallel plug. Battery-operated 
circuits need not be so treated. 

5. Dangerous chemicals, open 
flames, explosives, poisonous rep- 
tiles, starvation experiments on 
animals, must not be exhibited. 
Live animals must be fed, water- 
ed and cages cleaned daily. Plants 
must be watered. 

6. Exhibitors will bring their 
exhibits to (place) on (date) and 
set up before 12 noon, then leave 
exhibit area. They will remove 
exhibits on (date). Any exhibit 
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not promptly removed may be 
destroyed. 

7. Judges will evaluate exhibits 
between 1:00 and 5:00 p.m. im- 
mediately after they are set up. 
Only Judges and Fair Committee 
will be permitted in the exhibit 
area during judging. Scoring will 
be on work done by exhibitors, 
not on value of accessory equip- 
ment either borrowed or purchas- 
ed. Criteria for judgment will be 
based on creative ability, scien- 
tific thought, thoroughness, skill, 
clarity, and dramatic value. Deci- 
sion of the judges will be final. 

8. Awards of (list awards here ) 
will be announced on (date) at 
(time ). 

9. Exhibits will be classified as 
follows: I. Biological Sciences—A. 
Individual exhibits (Division: 
Primary, Intermediate, Junior, 
and Senior.* ) II. Physical Sci- 


Shaping Up 


> A coop size for the average 
exhibit is four feet wide by three 
feet deep. Some things, such as 
telescopes, will not fit into these 
dimensions. The layout, in such 
cases, may often be shaped to fit 
the space on the table letting the 
greatest length of the object to 
be shown extend up-and-down, 
where it will be least crowded by 
its neighbors. 

If you plan the spacing as you 
plan your exhibit, the parts will 
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ences — A. — Individual exhibits 
( Division: Primary, Intermediate, 
Junior, and Senior* ). B. —Group 
exhibits (Divisions: Primary, In- 
termediate, Junior, and Senior, 
Note: Primary (Pre-Kindergarten 
through 3rd year). Intermediate 
(4th , 5th and through 6th year), 
Junior (7th, 8th and through 9th 
year). Senior (10th, 11th, and 
through 12th year). 

* National Science Fair entries 
will be selected from Individual 
Senior classifications only. The ex- 
hibits cannot be entered in more 
than one fair per season for com- 
petition leading to the National 
Science Fair. 

10. Neither 
Committee, 
groups, 
name of 


the 
the 
sponsors, 


Science Fair 
cooperating 

nor (insert 
newspaper or other 
groups ) assume any responsibility 
for loss or damage to any exhibit 
or part thereof. 


Your Exhibit 


fit more harmoniously into the 
final form than if you lay them 
out with no thought of limiting 
them and then have to crowd 
them into specified dimensions 
when the Fair is set up. 

Starting with sections of a cor- 
rugated paste-board box and 
sheets of cardboard the required 
size, you can rough in the space 
your exhibit is to occupy. The 
“floor” and the back wall of this 
exhibit space will hold the most 
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important objects to be shown. 
It is remember _ that 
material or lettering high on the 
back wall has the best chance of 


wise to 


being seen by the visitors, many 
of whom will be peering over the 


shoulders of front of 


others in 
them. 

Try to proportion the various 
objects in exhibit so that 
they can be seen and their labels 
read easily from where the visi- 
tors will stand. The impression of 
a pleasing picture will make the 
passers-by stop to study the ex- 
hibit in greater detail. Too many 
large objects will make the space 
look cluttered. few small 
ones will seem “lost.” Try the 
effect with crude “mock-ups” un- 
til you hit upon the arrangement 
that pleases you. 


your 


Too 


If your idea is to show one 
compact object or group and label 
the parts, bright-colored ribbons 
or adhesive tape may lead the eye 
from the part, located in the cen- 


the exhibit 
space, to a wall area where the 
explanation is lettered large 
enough to be read from a dis- 
tance. Side-walls this 
purpose may from the 
narrower back panel toward the 
wider front edge of the enclosing 
box. 


ter foreground of 


used for 
slope 


Successive steps in a processing 
story may be labelled in a similar 
fashion and numbered from 1. on 
reading preferably from left to 
right. 


SCIENCE EXHIBITS 


A floor and three walls is usual- 
ly enough setting for an exhibit. 
A roof cases be 
needed, especially if a_ life-like 
diorama background is used be- 
hind some miniature scene, but 
artificial lighting may then be 
necessary to see the details. Usu- 
ally at a crowded Fair the elec- 
tric outlets available are reserved 
for scientific apparatus which re- 
quires them for its operation. 

\ front panel of glass or plastic 
film may be justified in certain 
cases, but it makes the interior of 
the exhibit hard to see. 

For ease of transportation ex- 
hibits which fit into a sturdy box, 
or which are fastened to knock- 
down panels, are worth the trou- 
ble of their construction if they 
are to travel from place to place. 

Panels made of wall-board or 
plywood jointed with loose-pin 
hinges stand shipment well. Ob- 
jects, or shelves and hangers to 
hold them, can be mounted per- 
manently on the panels. Remov- 
ing the hinge-pins separates the 
panels, which may be packed into 
a suitcase or a_ specially built 
shipping container. Two hinges 
for each joining will be enough to 
set up the walls of the exhibit 
space. Whether you will supply a 
floor for your space, and how you 
will anchor the walls to it, may be 
left to your own ingenuity. It is 


may in some 


more satisfactory to bring your 
exhibit complete and _ self-con- 
tained than it is to trust to chance 
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that can have problems 
solved for you by the arrangement 
committee after you get there. 

Electrical wiring especially 
should conform to the best stand- 
ards for safety. If more than one 
lamp, switch, motor or other elec- 
trical device is part of the exhibit, 
the wiring should be so arranged 
that only one connection to the 
Fair’s power supply should be ne- 
cessary. This should be made 
through standard well-insulated 
cord with a two-pronged plug to 
fit the usual socket. 

Anyone planning an exhibition 
to which the public will come 
has the problem of protecting in- 
quisitive visitors from possible 
accident, and also of protecting 
his exhibit material from careless 


you 


handling from the _ occasional 
souvenir hunter. 
To avoid possible accident, 


Science Fairs ban strong acids 
and alkalies, flames, explosives 
and materials liable to spontane- 
ous combustion, dangerous gases, 
poisons, cultures of disease germs 
and any other materials which, in 
the judgment of the Fair commit- 
tee, might lead to trouble. 

This does not mean that a re- 
search project involving one or 
more of these materials is barred, 
but only that the actual material 
must not be placed where visitors 
to the Fair might come in con- 
tact with it. Here the planner of 
the exhibit can bring in some of 
the techniques, so successfully 
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used by museums, of substituting 
a safe and permanent material for 
one liable to unstable behavior. 

Thousands of people will view 
your exhibit. It is impossible to 
protect at all times every area of 
a fair. You should take reasonable 
precautions against loss or dam- 
age. It is advisable to box in any 
exhibit from which parts are 
likely to stray. The public should 
be protected from any portion of 
your exhibit that might be a haz- 
ard. The knockdown panel form 
of exhibit can be protected over 
its face by a sheet of clear plastic. 
Wire screening can be used, al- 
though this covering gives a 
messy appearance to an otherwise 
good exhibit. 

There are many ways to at- 
tach parts to the panels. If small 
enough they may be attached 
with tape or cement. Heavier 
pieces can be secured by drilling 
small holes through the panels 
and wiring the parts in place. 
Rigid or demountable shelves will 
be found useful to hold some of 
the material which you can drop 
in position while setting up. Pic- 
ture hooks driven into the panels 
will make it easy to hang on pre- 
pared groups. Decorative plate 
holders may be used to hang petri 
dishes and similar objects. Test 
tube racks may be suspended in- 
stead of being arranged on the 
base. If the construction requires 
electric wiring it would be well 
to mount permanently a plug-in 
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socket into which a plug can be 
pushed for a quick connection to 
, supply source. But do not wire 
exhibit for unless 


your current 


you actually need it. 

You should be able to arrange 
your material so that it can be 
set up quickly and knocked down 
just as fast. If you preplan your 
exhibit, this will be easy. For ex- 


ample, use a multicord conductor 
for interconnecting electrical 
parts instead of trying to make 
individual connections. Do your 
soldering in your laboratory in- 
stead of at the site of the fair. 

Your story can often be told as 
well with a bottle of water as 
with a container of gasoline, since 
their contents look alike and wat- 
er can safely simulate gasoline in 
a display. 

You do not need to demonstrate 
how you produce some of the 
things shown in your exhibit. You 
can put an unlighted Bunsen 
burner under your glass set-up 
and show the end product even 
when dangerous chemicals or 
techniques were used in the pro- 
cess. No matter how familiar and 
expert you may be with the ma- 
terials you handle in your labora- 
tory, the public must be protected 
against any hazard. You will not 
be in attendance with your ex- 
hibit all the time it is displayed. 
livestock and Live Plants 

Large animals cannot be entered 
in the National Science Fair be- 
cause of the difficulty of proper 
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attention and feeding during 
transportation and at the fair. 
Microorganisms, fruit flies, fish, 
insects, and similar living mater- 
ial may be shown. 

Federal and state regulations 
may make it difficult to ship 
growing plants to the exhibit area 
unless they are certified as disease 
and insect free. Some plants, 
fruits, vegetables and plant pro- 
ducts cannot be shipped from 
some areas to others at all. If you 
are contemplating this type of ex- 
hibit and hope to enter the Na- 
tional Fair it would be well to 
check with your State Board of 
Agriculture. 

Lettering and Labels 

Huge letters poorly made, pon- 
derous charts or diagrams, note- 
book records spread across the 
table top do not contribute to a 
good exhibit. Judges and spec- 
tators come close up to exhibits. 
[t is not necessary that the letters 
or charts be so large that they 
can be read from a distance of 
100 feet or more. 

The visitors in a few minutes 
will be expected to grasp the 
meaning of what it may have 
taken you months or years to 
prepare. So make your major 
legends small, neat, readable at 
a distance of 6 to 8 feet. Those 
who will want to study your notes 
will gladly leaf through your 
notebook, which preferably should 
be secured to the right hand front 
edge of your exhibit space. 
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To make neat lettering, various 
sorts of lettering guides and aids 
may be secured from your local 
draughting supplies store. Small 
and large plastic letters can some- 
times be obtained from local 
restaurants where they are used 
to compose displayed menus. Ask 
for letters that have been dis- 
carded. When the lugs on such 
letters break they are of little 
further use and generally are dis- 
carded. Cut off all the lugs and 
trace around the letters. Or you 
can use stencils and fill in the 


open space. 

Thin strips of colored cello- 
phane tape, such as is used for 
binding Christmas packages, may 


be used for producing angular 
letters by attaching the strips to a 
background. 

Letters from newspapers or 
from magazines can be cut out 
and used. However, this generally 
makes a very crude job. It is best 
to use the letters merely for 
shape, style and size, tracing them 
on another sheet. An easy trick 
in this connection, is to moisten 
a sheet of good bond paper with 
lighter fluid, which makes the 
paper transparent, then trace the 
letters upon the bond paper with 
a pencil. Because of the fire haz- 
ard, keep flames away and work 
in a well ventilated room. When 
the lighter fluid evaporates, the 
paper will resume its opacity. If 
the fluid evaporates before you 
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finish the job, you can swab on 
more of it. 

Prepare the text of your legends 
carefully. Write what you want to 
say, then set it aside for a day or 
so, then go over it again. You may 
want to eliminate useless words 
or change the text completely, 
Locate this lettering where it can 
be read easily. If it calls attention 
to some part of the exhibit, try 
running a ribbon from the letter- 
ing to that part of the exhibit. If 
you use several ribbons get some 
balance in the way they are 
placed. This may mean shifting 
slightly the sign or the material. 
Do not cross ribbons, to avoid 
confusion in 
tion. 


direction of atten- 


Safe Construction 

Normal wear on moving parts 
must be expected in exhibits. 
Hence they should be made 
sturdy enough to take the punish- 
ment of operation and display. If 
you plan to use push rods, levers, 
wheels, and pulleys which you 
expect the spectators to operate, 
make sure too that you provide 
stops to limit the motion in either 
direction, so that even if the con- 
trols are forced they will not give 
way. Try to get as many things as 
possible working automatically. 
In any sequential operation do 
not depend upon the fact that 
your directions read to do this 
first, then that. Have this sort of 
operation entirely automatic. The 
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erage spectator will push a but- 
ton first, then read the instruc- 
tions. If such faulty operation will 
am the mechanisms, you should 
substitute some other controls. 

Wire down any loose materials 
so that they cannot be removed. 
Use strong iron wire. Lock down 
ny magnifier. Better yet, mount 
it under a box provided with a 
peep hole and fasten the box se- 
curely. Chain down any micro- 
scope, camera, optical instrument, 
microphone, earphones and _ pref- 
erably enclose vacuum tube cir- 
cabinet. Lock the 
adjustments on a microscope so 
they cannot be manipulated ex- 
cept for the fine adjustment. This 
may save you a slide or lens. If 
the scope is a good one it can be 
with a box containing 
only a peep hole. Make sure that 
the eyepiece of the instrument 
cannot be removed. 

Every fair attracts avid souve- 
nir hunters who will pocket loose 
apparatus as mementos. So guard 
against this. In all science fairs, 
equipment and exhibit is enter- 
ed at the risk of the exhibitor. 
Neither the committee nor any 
sponsor is responsible for loss or 
damage. 


cuits in a 


covered 


Electrical Safety Rules 

To prevent shock or fire certain 
electrical safety rules apply at all 
fairs. Generally, failure to comply 
with these rules automatically 
disbars an exhibit. 

For 110-volt operation of lights, 
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motors, transformers and all other 
equipment, insulated cord of the 
proper load carrying capacity 
must be used. At least 6 feet of 
wire should be provided with the 
free end fitted with a parallel 
prong plug. Where surges or 
overloads are anticipated it will 
be well to fuse the exhibit. 

Nails, tacks or uninsulated sta- 
ples should not be used to fasten 
wire to equipment. Use plug or 
outlet securely attached to the 
exhibit or any standard connector. 

Use toggle, pull chain or push 
switches or other standard con- 
trols for all 110-volt circuits. Open 
knife bell 


switches or ringing 


push buttons are not acceptable. 


For low voltage circuits where 
the current draw is light, bell- 
ringing push buttons may be used 
in the secondary low-voltage side 
of a transformer circuit or for dry 
cell or storage battery operated 
device. 

Plan to locate your storage bat- 
tery on the floor under the table 
and behind the exhibit. Prefer- 
ably introduce an auto cartridge 
fuse as close to the battery termi- 
nals as possible. This will protect 
your battery should a short circuit 
occur. 

sell wire may be used for low- 
voltage small-current-carrying 
loads only. It must not be used on 
110-volt circuits. 

All electrical joints in 110-volt 
circuits should be soldered or fix- 
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ed under approved connectors. 
Bare wires should be taped in 
load-carrying circuits. 
High-voltage equipment should 
be shielded so that accidental 
contact with charged condensers 
or high voltage electrodes is im- 
possible. A grounded metal box 
or wire cage will be satisfactory. 
Exceptions can be made in those 
constructions in which the high- 
voltage discharge is relatively 
harmless, as for example, Tesla 
and Oudin coils, static machines 


and Van de Graaff generators. 

Large electron tubes should be 
placed behind a glass shield. 

Do not use line cord resistors 
for radio sets. 

Protect with asbestos board of 
adequate thickness on sides and 
base any exhibit which will pro- 
duce temperatures in excess of 
110° Centigrade, (230° Fahren- 
heit). Preferably, introduce a 
limiting switch to shut off the cur- 
rent after a given time, or a 
thermo relay. 


To Make Large Crystals 


> Tue SALT to be crystallized is to 
be dissolved in water, and evapo- 
rated to such a consistency that it 
crystallizes on cooling. When 
quite cold pour the liquid part 
from the mass of crystals at the 
bottom, into a flat-bottomed ves- 
sel. Solitary crystals will form at 
some distance from each other, 
and gradually increase in size. 
Pick out the most regular, put 
them into another flat-bottomed 
dish, a little apart from each oth- 
er, and pour over them a quantity 
of fresh solution of the salt, evap- 
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orated till it crystallizes on cool- 
ing. Alter the position of every 
crystal once at least every day, 
with a glass rod, so that all the 
faces may be alternately exposed 
to the action of the liquid. By this 
process the crystals will gradually 
increase in size. When they can 
easily be distinguished, the most 
regular are to be put separately 
into a portion of the same liquid, 
and turned by the glass rod sever- 
al times a day, and by this treat- 
ment you may obtain them almost 
of any size desired. 


+ + 
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Students 


» Just as there is no standard or 
predetermined way that actual 
pure and applied research is done 
in the laboratory, there is no fixed 
or specified formula for science 
projects done by high school 
students. 

From among the thousands of 
project reports submitted in the 


Projects 


National Science Talent Search, 
five are published here as examp- 
les of effective presentation, tell- 
ing what was done and how it was 
done. Writing up a project is not 
a literary exercise as such. The re- 
port has as its purpose the con- 
veying of information and data 
with clarity, accuracy and interest. 


Vanadium 


by Davip C, ELprwwcE 


Stephens H. S., Rumford, Maine; Honorable Mention, 14th $.T.S 1955. 


> THIS SO-CALLED “rare” metal, 
vanadium, came first to my atten- 
tion while preparing to manufac- 
ture sulphuric acid. It is well- 
known to most chemistry students 
that vanadium pentoxide is used 
as a catalyst for preparation of 
sulphur trioxide. While my at- 
tempted manufacture of H.SO, 
never worked out entirely satis- 
factorily, I became fascinated at 
what would happen to the pen- 
toxide during the trials. If heated 
too hard it would melt, and upon 
cooling formed purplish red crys- 
tals with metallic luster (an 
allotropic form of V2O;); some- 
times even a greenish substance 
collected on top of the combus- 
tion tube. In my eagerness to find 
what happened to the V.O;, the 
contact process for H.SO, suffer- 
ed, but I have certainly not re- 
gretted entering into the kingdom 
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XUM 


of the goddess, Vanadis. I found 
out one thing with some finality, 
vanadium is no “rare” metal. It is 
found everywhere from colored 
glass to the axle of an automobile. 

I prepared vanadium metal by 
means of the Goldschmidt ther- 
mite process. The best way of 
doing this I found to be as fol- 
lows. Fill a big flowerpot with 
sand and in the top middle place 
a dry folded filter paper. Into the 
filter cup put a mixture of about 
two parts powdered aluminum to 
one part of vanadium pentoxide. 
Ignite with a magnesium fuse. A 
mixture of vanadium and its tri- 
oxide results with most of the 
aluminum oxide being blown off. 
The particles of vanadium were 
sifted manually. ... 

The preparation of the different 
vanadates was relatively easy. It 
merely involved adding V.O; to 
an excess of the aqueous solution 
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of the appropriate hydroxide (or 
carbonate) and precipitating the 
metavanadate formed. The follow- 
ing is the particular process I used 
to form the potassium metavana- 
date crystals. I dissolved V.O; 
in an excess aqueous solution of 
KOH. KVO, was thereby formed 
in solution. The equation being, 
2KOH + V.2O;-5 2 KVO; + 
H.O. Since I wanted it in crystal 
form, I had to drive it out of solu- 
tion. I did this by adding denatur- 
ed alcohol. KOH is soluble in 
alcohol but KVO, is not. KVO., 
crystallized out on the sides of the 
beaker containing the solution 
and, after a time, | was able to 
pour out the solution remaining 
and have the crystals remain at- 
tached to the side. 

In my experimentaticn I found 
a terrifically effervescent mixture: 
a drop of H.SO, added to the 
aqueous solution of ammonium 
metavanadate. The drop of H2- 
SO, upon hitting the surface of 
the solution literally explodes, 
there being such furious bubbling 
and spattering. 

Wanting to extract vanadium 
from its ore, I wrote to one com- 
pany concerning the possibility of 
obtaining some ore. I was unable 
to get any because of its close 
association with uranium stock. 

My hope is to have a chance to 
devote more time in a laboratory 
at a time. I find that I accomplish 
much more working hours at a 
time, than spending an equivalent 
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amount in short spurts. There is 
a great deal I wish to do in de- 
veloping more vanadium com. 
pounds. I also wish to delve into 
the possibility of plants substitut- 
ing vanadates for phosphates as 
some authorities think is done at 
times in nature. I might use cal- 
cium vanadate instead of calcium 
monophosphate in testing the 
plants by hydroponics. Of course, 
I should have a control (a plant 
identical to the vanadate fed 
plant but utilizing phosphates), 
use different vanadates, and also 
different plants (since some 
plants are known to be poisoned 
by vanadates ) if I am to establish 
anything definite. 

Having travelled but a millimi- 
cron on the path to the kingdom 
of Vanadis, I find myself in- 
trigued into cruising further. 
While finding vanadium is not 
“rare” in the material sense (that 
is, in respect to its prevalence or 
usage), I discovered something 
truly “rare” in the esthetic sense. 
Its chemical majesty, towering 
above the common elements, 
rivaling even the imperial Chrome 
in the beauty of its traits. 
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Ecology of Protozoa 


by NonrMaNn A. WeEssTER, III. 


Trenton Central H. S., Trenton, N. J.; Winner, 14th S.T.S., 1955. 


>» THe EFFECTS of the study of 
microorganisms have been of 
direct benefit to mankind. Out- 
standing them the 
controlling of diseases which have 
long plagued the human race and 
the distinct possibility of using 
microorganisms to feed a hungry 
world. These benefits, along with 
the related study of nutrition, will 
be of great importance in shaping 
man’s future prosperity. 


among are 


Because I became increasingly 
interested in microorganisms, and 
especially protozoa, after entering 
high school, I purchased a micro- 
scope and other equipment to 
carry out my own investigations 
of them. 

I planned an investigation into 
the ecological factors involved in 
protozoan life because I wanted 
to learn some of the more impor- 
tant factors affecting protozoa and 
how they worked. In addition, I 
wanted to become familiar with 
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the problems and techniques in- 
volved in studying these organ- 
isms. 

For my investigation, I selected 
a small pond at Princeton Junc- 
tion, New Jersey. I chose it in 
preference to other nearby bodies 
of water because it was easily 
accessible and not too large. Also, 
since it was spring fed, there was 
slow but steady production of 
fresh, unpolluted water. 

Dams divided the pond into 
three sections (see map, page 22) 
which I labeled A, B, and C. In 
each section I chose one or more 
locations which were labeled 
Ai, Ao, ete. 

I planned to keep records of the 
number of protozoa in samples of 
water taken from the different 
locations on successive days. One 
of my first problems was to devise 
a method of concentrating the 
protozoa so as to obtain fairly 
accurate counts of their numbers. 
I devised the following method. 
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Sixty cc. samples of the pond wa- 
ter were passed through a No. 1 
filter paper until only three cc. 
remained. The resulting twenty- 
to-one concentration gave me 
numbers of practical size. The 
method seemed sufficiently accur- 
ate for determining major fluctu- 
ations in the quantity of these 
organisms. 

In addition to recording the 
totals of all the protozoa, I decid- 
ed to follow the fluctuations of a 
separate species as well. Out of 
sixteen considered species, I chose 
five, two of which continued to 
turn up in sufficient numbers. 
Later on, as the project progress- 
ed, I dropped one of the species 
because I realized that I was con- 
fusing it with another closely 
related The one species 
selected was the most numerous 
of all which I had observed in the 
various samples. 


one. 


Samples of sixty cc. each were 
taken from the surface, midpoint, 
and bottom of 


several chosen 


locations. The temperature at 
each point was also noted and re- 
corded, as was the air tempera- 
ture. In addition, I noted whether 
the location was in the sun or in 
the shade. 


After the samples were reduced 
in quantity, they were agitated to 
obtain a homogeneous distribu- 
tion of the protozoa. One-tenth cc. 
of the remaining pond water was 
placed on a slide, and the organ- 
isms were counted by manipula- 
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tion of the mechanical stage, 
After several trials, 1 found it un- 
necessary to kill the protozoa in 
order to get good results. 


To show the variation in the 
quantity of the organisms I con- 
structed graphs which 
were based on charts on 
which each day’s record was kept. 
From a study of these graphs | 
noticed several interesting factors, 
the most outstanding of which is 
that the numbers of protozoa do 
not remain static, but undergo 
large fluctuations, occurring in 
more or less regular cycles. Also, 
these fluctuations seemed to occur 
almost simultaneously throughout 
the pond, both for the general 
population totals and for species 
D. On the whole, these population 
cycles depend very much on the 
extremely sharp rise and fall of a 
few species of small ciliates. Lo- 
cations A, and B,, whose condi- 
tions are the closest to average for 
the whole pond, throughout the 
project continued to turn in high- 
er totals, both of the general 
population and of species D, than 
did the other locations, which 
were subjected to very special 
conditions which limited the 
growth of protozoa. Location A» 
was strongly affected by the large 
quantities of cold spring water 
which entered the pond at that 
point, and location C,, since it 
was in the middle of a sunfish 
nest, had a sand bottom, instead 
of one of silt and decayed organic 


several 
were 


SCIENCE EXHIBITS 


> H 
from 
chan 
part 
of hi 


matt 
was 
and 
silt ; 
seen 
able 
Se 





the 
‘on- 
Lich 
on 
ept. 
is | 
ors, 
h is 
do 
Tgo 

in 
Iso, 
‘cur 
out 
eral 
cies 
tion 
the 
of a 
Lo- 
ndi- 
- for 
the 
igh- 
eral 
han 
hich 
cial 
the 
A» 
arge 
ater 
that 
e it 
ifish 
tead 
anic 


Pp 
RD 


“ 


20NO 


PATHOLOGIC AL CH 


> How POPULATION of protozoa in a pond increase and die out, shift 
from one predominant species to another, and migrate as conditions 
hange was studied by Norman Webster. He reported his studies as 
part of his entry in the Science Talent Search and showed this exhibit 
f his findings in the National Science Fair. 


matter. Locations at which there 
was little disturbance of the water 
ind where there was a layer of 
silt and decayed organic material 
seemed to provide the most favor- 
ible environment for protozoa. 
Several possible explanations for 
the changes noted may be offered. 
One logical explanation for the 
fluctuations is the predator-prey 
ycle. When the small ciliates 
reached large numbers, they were 
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preyed upon by other larger pro- 
tozoa. These multiplied until the 
food supply was exhausted, at 
which time they would die in 
large numbers, thus giving the 
smaller organisms a chance to 
repeat the pattern. One factor 
which seems to uphold this theo- 
ry, as may be concluded from the 
observations, is that after every 
rise there followed a very sharp 
decline in population numbers. 
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MAP OF POND 


location é, 


Thus, the predator-prey theory 
being the plausible explanation, it 
would seem then that species D 
is one of the organisms that preys 
on the small ciliates, for its own 
cycles rather closely follow those 
of the totals. However, further 
studies carried out on species D 
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tended to disprove this. These 
studies indicated that species D in 
one location is capable of under- 
going several cycles in a twenty- 
four-hour period and even of 
dropping from very high numbers 
to zero within this period. The 
cycles of the small ciliates, how- 
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ever, seemed to occur in periods 
from three to five days. 

Another explanation for the 
fuctuations may be related to 
migrations of these organisms 
within the pond. Yet the fact that 
fluctuations were rather general 
at all locations observed seems to 
dispute this idea. Conditions in 
the pond seemed too static to 
account for such changes, espe- 
cially since they did not follow a 
diurnal- nocturnal cycle. 

On July 25 and August 2 spe- 
cies D and the general population 
reached very high counts. On July 
25 a heavy shower had just ended, 
and on August 2 there was a light 
rain. After all the data were con- 
sidered, there remained much 
doubt as to whether the rain had 
any influence on the high counts. 
By August 1 the counts for the 
general population were already 
rising sharply and species D had 
reached a point only a little below 
the count obtained on August 2. 
According to the completed 
graphs, on both occasions a high 
count seemed to be about “due”. 

There is a possibility that spe- 
cies D did not have any direct 
relationship with the small ciliates 
but that they were attracted by 
something else associated with 
the ciliates. It is not logical to 
think that it was coincidence that 
caused species D to follow the 
fluctuations of these ciliates, des- 
pite their ability to undergo very 
rapid fluctuations. 
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The one thing that is fairly 
definite is that a species of 
dinoflagellate (species D) is 
prominent during the summer 
months, its numbers being far 
larger than any other single spe- 
cies. Its influence on this world of 
microscopic life must be out- 
standing. 

Obviously, life in a pond is not 
a simple problem of numbers and 
kinds, but of interrelationships. 
Since microorganisms affect our 
life directly and indirectly, and 
since further knowledge leads to 
a better understanding of all 
forms of life, this investigation has 
proved a very valuable step in 
furthering my study of micro- 
organisms. 

Several avenues of investiga- 
tion have been opened to me. I 
plan to continue my investigation 
of species D from the standpoint 
of nutrition. This will be accom- 
plished by projects similar to this 
one, supplemented by the study 
of laboratory cultures of these 
organisms. 

Locations (see map) 
Al. Depth: twenty cm. 
Type Bottom: Silt and decay- 
ing organic materials 
Special Conditions: None 

Comments: This location is 
closest to the average for the en- 
tire pond. Of the four locations its 
environment was the most favor- 
able toward protozoa; it had the 
highest counts. 
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> TOTAL NUMBER Of protozoa in the pond studied by Norman Webster 
fluctuated from day to day according to the record shown by this graph. 


A2. Depth: fifteen cm. 

Type Bottom: Silt and decay- 

ing organic materials 

Special Conditions: Outlet of 
large spring enters the pond here. 
Because of this, there is a steady, 
rapid change in water. The tem- 
perature at this location even in 
summer, is always several degrees 
colder. 

Comments: The above condi- 
tions acting together are respon- 
sible for the low counts obtained 
at this location. 

Bl. Depth: fourteen and one half 
cm. 
Type Bottom: Silt and decay- 
ing organic materials 


Comments: Because this loca- 
tion closely resembles Al (which 
is closest to the average of the 
pond ), its counts were quite high. 
Cl. Depth: thirty-five cm. 


Type Bottom: Sand 


Special Conditions: Location 
is in the middle of a sunfish nest 
with a sand bottom, which is 
quite different from the bottom of 
the rest of the pond, perhaps be- 
cause the swimming sunfish may 
cause considerable agitation of 
the water. 

Special Conditions: Large ex- 
panse of water before location 
leads to considerable agitation if 
wind is blowing. 
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Comments: The low counts ob- 
tained from this location tend to 
ndicate that a bottom of sand is 
not nearly as favorable toward the 
survival of protozoa as is the bot- 
tom where there is some organic 
material. 


General Comments: The pond 
is divided into three sections by 
dams. There is little difference be- 
tween the sections. Since all the 
locations are near the shore, their 
depth is considerably below the 
pond average, which I estimate 
at six hundred cm. 


Temperature Sensitive Compounds 


by MARIAN BENNETT 


Vewtown H. S., Elmhurst, N. Y.; Honorable Mention, 14th S.T.S. 1955 


>» THIS IS a report on an investi- 
gation of certain complexes which 
ie temperature sensitive. These 
compounds have the property of 
changing color when they are 
heated. There has been relatively 
little work 
these chemicals, although 
important papers have been 
written on this subject.!-8 The 
compounds were probably first 
used in England, where use was 
made of them in pigmented cray- 
ons. The composition of the com- 
pounds became unavailable to us 
at the onset of World War II, so 
research in the field began in this 
country. 
The most 
tions of 


extensive done with 


some 


important applica- 


these chemicals occur 


when they are made into tempera- 


ture sensitive paints which are 
useful in: 

1. Determining top  tempera- 
tures reached in parts of aircraft 
Paints” by Cow- 
Alexander (Naval Re- 

search Laboratory, Washington, D. C 

in Industrial and Engineering Chemistry 

Vol. 45 10, 2317-2320 (Oct. 1953 
. Carter, A. J. Chrysler Corp. Report 

1-101 (March 23, 1942) 


1. Temperature Indicating 
ling, King, and 


5503- 
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or any piece of equipment becom- 
ing heated during operation. This 
can be done by painting stripes 
of several different colored pig- 
ments which change color at 
progressive temperatures on a 
part, such as a commutator on an 
aircraft engine, noting the maxi- 
mum temperature reached which 
causes the color change. 

2. Discovering faults in ma- 
chines and aircraft parts especial- 
ly those which cause the part to 
overheat. This is particularly use- 
ful if the tested part is remote or 
inaccessible. 

3. Determining maximum tem- 
peratures in jet engines and atom- 
ic powered equipment are theoret- 
ical but possible capacities in 
which the paints could be utilized. 

Many more applications 
possible for these compounds. 

I first duplicated an experiment 
described in a U. S. patent.7 Solu- 
tions of 23.8 grams of cobalt chlo- 
3. Tyte, L. C., Proc. Inst. Mech. 

London), 152,226-31,240-1 (1945) 
t. Williams, G. A., Electronics Eng., 18 

208 1946 
5. Ibid 62 (1942 


6. Perez, H. G. — 
1836) 


are 


Engrs. 


177-482 


Chem. Zentr. 11, 3481 


or 
20 









































ride in 50 cc. of water, which is 
red, and 16.4 grams of potassium 
cyanate in 100 cc. of water, which 
is colorless, were mixed forming 
a blue solution. To the cobalt 
cyanate in this solution pyridine 
was added, drop by drop, until a 
precipitate was formed.® This was 
continued until no more precipi- 
tate could be formed. The precip- 
itate was dissolved in chloroform. 
This solution is pink at room tem- 
perature. When heated to 50° C. 
the color begins to turn blue. It 
turns a deep blue at 75° C. The 
solution should be as concentra- 
ted as possible so that upon cool- 
ing it will return to its former pink 
color. This is a desirable property 
if the compound is to be used 
profitably, in solution, in deter- 
mining temperature. The equa- 
tion below represents the color 
change. It is interesting to note 
that it illustrates a good example 
of dynamic equilibrium. 

Co (CNO). . 6C;H;N s 

pink 
Co (CNO). . 2C;H;N 
blue 
+ 4C;H;N 

There are many theories con- 
cerning the reason for this color 
change. This equation upholds 
the hydration, (solvation) hypo- 
7. “Compound of Cobalt 
Tertiary Base” U. S. 


— Mar. 11, 1930. 
8. Comprehensive Treatise on Inorganic and 


Cyanate 
Pat. No. 


with a 
1,750,160 


Theoretical Chemistry” by J. W. Mellor 
Vol. XIV P. 613-617 
9. In working with other organic bases I 


have found that if, at this point, a pre- 
cipitate is formed the complex will 
usually be temperature sensitive. 
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thesis, as stated in an article by 
J. W. Mellor. When the complex 
is heated, some of the pyridine 
molecules dissociate from the com- 
pound. Thus the formation of a 
pyridine complex with fewer 
molecules causes the color change. 
When the compound is cooled the 
pyridine dissociating from it re- 
combines again causing the com- 
plex to return to its original pink 
color. This return to the former 
color also supports the solvation 
hypothesis. 

If extra pyridine is gradually 
added to the blue solution obtain- 
ed after heating, it will slowly 
turn pink and, eventually, color- 
less, again supporting the solva- 
tion hypothesis. This is a very 
unstable condition and the warmth 
of a hand will upset the balance 
causing the solution to turn blue. 
The colorless solution was used 
in a convection tube to investi- 
gate its possibilities in demonstra- 
ting the convection of a liquid. 
The results were not very dramat- 
ic because the color change came 
too slowly to show a definite path 
which the liquid was taking in 
flowing around the tube. Every 
other chemical made was investi- 
gated for its usability in this type 
of demonstration. 

When the cobalt pyridine cya- 
nate was isolated by the evapora- 
tion of the solution, a pink powder 
remained. It turned blue when 
left in contact with air at room 
temperature and back to pink 
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VARIOUS COMPOUNDS MADE AND THEIL 


SUGGESTED 
NAME FORMULA 


cobalt pyridine thiocyanate Formula known 


cobalt chloride 


ie Formula known 
CoCl2'6H,0 
| Formula known 


Col,"6H,O0 


cobalt iodide 


cobalt chloro-pyridine cyanate 


= 
cobalt hydroxy-pyridine cyanate 
cobalt quinoline cyanate 

* cobalt ethylene diamine cyanate 


x — + 
*cobalt N-coco Morpholine cyanate No formula 
cobalt alpha-picoline cyanate 

e 

cobalt 2-methyl 5-ethyl pyr 


cyanate| Co(CNO 


“Scobalt iso-quinoline cyanate 


*cobalt cyano-pyridine cyanate Tc (CNO)9 
*cobal yanate Co(CNO),°6C,H 


° 


KEY 


Compounds that have n 


t bee 


10 These compounds have bee 2 not suffic 


1l The part of this complex that is in 


green, and its water sblution from blue t 


12 
*“ Further experimentation will be done with these c 


concentrating the solution. 

when placed into a desiccator ( py- 
ridine atmosphere). This pink 
powder was dissolved in water, 
the resulting solution being tem- 
perature sensitive. It turns blue 
when heated, suggesting a mixed 
solvate. 

Solvents other than chloroform 
such as acetone, N- Butyl acetate, 
and dioxane were used to dissolve 
the precipitate but none of these 
solutions responded to heating ex- 
cept for the solution in N- Butyl 
acetate which turned from pink 
to blue. 

The heated, blue solution in 
chloroform was cooled in ice until 
crystals were formed. These were 
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Co(CNS)9*4C5H5N 


| Co(CNO)y"6C, H,CIN 
| Co(CNO)9*6C; H4OHN 


Co(CNO)o°6CoH_N 
| Co(CNO)y"3[ CoH, NH)o] _ | No color change 


Co(CNO),°6C5H,CH,N 
6c H,CH C8_N 
5 32" 5 


| Co(CNO),*6C.H_N 
6CH,CNNH» 


n prepared before as far a 


oluble in chloroform changes 
violet (du 





— 


R TEMPERATURE SENSITIVE PROPERTIES | 
: si | Temperature 
at which change 
takes place 


COLOR CHANGE 


in chloroform solution 


Lt. blue - Dark blue 20°-s0° C 
ae —_ 


| 30°-35° c, 


—— 


=e 


Red - Blue 


| 60°-80° 


Pink - Purple 


Red - Green Approx. 35° C. 
| soa aatatiastinatiaamainitaaimailiaia 


7 Very slight color change 1 
from pink to darker pink 
Pink - Purple 





50°-60° C. 





+ —7— . 
Green-blue - brown 60°-70° C. 
Dark blue with slight 

| variation _ 


No color change 


| No color change 
No color change 
NH 


o } Reel 
3s 
cobalt N-tallow Morpholine cyanate | Formula not decided upon 


I know 
iently experimented with (in my work 


when heated, from light blue to dull 


iW 


color 


mpounds with relation to the effects of 


red in color and truncated pyra- 
midal rhomboids in shape. 

Dry crystals of the complex, 
cobalt pyridine cyanate were 
placed in a tightly corked and 
sealed test tube with a tube con- 
necting it with a water aspirator. 
The pressure in the test tube was 
maintained at 12 mm. The test 
tube was heated in a water bath 
in hopes that the complex would 
dissociate, releasing the pyridine 
vapor and be pumped out with 
the air in the test tube. The cobalt 
cyanate with its characteristic 
violet color would remain. Heat 
produced by the water was not 
great enough to induce this 
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change so a mineral oil bath was 
substituted. The 
went up to 200° C. and the ordi- 
narily pink of cobalt 
pyridine cyanate were melted into 
a deep blue solution but no cobalt 
cyanate was obtained. 

After experimenting with the 
patented compound I began work- 
ing with similar temperature sen- 
sitive materials but which varied 
in that, for the most part, a differ- 
ent organic base was used. How- 
ever, the possibility of using 
another cobalt salt was explored 
first. 


temperature 


crystals 


A solution of 1.6 grams _ of 
potassium thiocyanate and 2.3 


grams of cobalt chloride in 15 cc. 
of water was made. The solution 
was red and when pyridine was 
slowly added a pink precipitate 
formed. The precipitate was dis- 
solved in chloroform and filtered 
from the rest of the compound. 
The chloroform solution was light 
blue, and when heated to 20°C., 
began to turn dark blue. When it 
reached 30° C. it was completely 
this color and above this tempera- 
ture no other color change was 
noted. The color change is dis- 
tinct and rapid and turns quickly 
back to light blue upon cooling. 
A very concentrated aqueous 
solution of cobalt chloride (30 
grams of CoCl., 70 cc. of H.O, 
and 5 of HCl) was made 
which was deep red. The temper- 
ature of color change ranged from 
30°-35° during which the color 


ce. 
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changes to violet blue. I discoy- 
ered in later research that no 
matter how dilute the solution of 
cobalt chloride is this color change 
will occur. 

A 20% solution of cobalt iodide 
was made by adding cobalt car. 
bonate to hydriodic acid until 
there was an excess of carbonate. 
CoCO., 2HI —, Col. + HO 

CO,. The deep carmine red of 
the solution was changed to deep 
green at a temperature of about 
35°. It returns to its former red 
color upon cooling very slowly. 

Both cobalt chloride and cobalt 
iodide have, of course, been re- 
cognized as being temperature 
water solution. The 
action is analogous to the organic 
base complex reaction. It changes 
only in that the group of water 
molecules replaces the organic 
base molecular group. 


sensitive in 


The next step in this investiga- 
tion was to substitute other organ- 
ic bases for pyridine. I continued 
to use cobalt cyanate as the metal 
salt. A similar solution was made, 
as previously described, of cobalt 
cyanate. of the organic 
materials used to form the com- 
plexes were chloro-pyridine, 
hydroxy-pyridine, picoline, ethyl- 
ene diamine, quinoline, and 2- 
methyl 5-ethyl pyridine. If a 
precipitate was formed after the 
addition of the base to the former 
solution it was dissolved in 
chloroform and heated. If no pre- 
cipitate was formed the solution 
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yas still heated, usually with no 
olor change. Also, the compound 
yas extracted with chloroform 
ven if no precipitate was formed 
nd the solution 
ated, with 
hange. The included table de- 


resulting was 


again no color 
cribes the color changes of the 
temperatures of the 
omplexes I have experimented 


change of 


vith. Other solvents were used in 
place of chloroform in some cases 
vith little success. 

To illustrate the definite proce- 
lure followed for all the complex- 
s 1 will use cobalt cyanate with 
ipha picoline. A solution was 
btained in chloroform and heat- 
d. The undissolved portion was 
ept separately and heated with 
dilute 
solution in chloroform was heated 
ind neither the first nor the sec- 
md solution obtained 
form was very 


10 color change. A more 


in chloro- 
sensitive to 
temperature. The first solution in 
hloroform was allowed to evapo- 


Alkaloids From 


iy STANLEY MARSHALI 
Isaac Litton H. S., Nashville, 


> | BECAME interested in alkaloids 
ind plant drugs in the fall about 
three and one half years ago when 
| first read about them in text- 
books on drugs. Since I was 
nterested in drug actions and the 
onstituents involved, I decided 
that extraction of these obscure 
ind interesting principles from 
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rate and form dry crystals which 
were dissolved in water and heat- 
ed. No color change was noted. 


k sO 


| hope to extend this wor 
that I might take in the use of 
other bases, such as the lutidines, 
collidines, cyclohexylamines, hy- 
drazines, and other selected 
aliphatic and aromatic bases. | 
metal 
those of nickel, 


chromium, iron, manganese, and 


also intend to use other 


salts such as 
cobalt. Some of these metal salts 
are less stable than cobalt cyan- 
ate and will probably produce 
a sharper defined color change. 

i would like to apply some of 
making the 
men- 


the compounds in 
convection demonstration, 
tioned previously, which would 
be interesting for classroom use. 

[f possible an analysis of some 
of the complexes will be made to 
chemical for- 


substantiate their 


mulas. 


Botanical Drugs 


Tenn.; Winner, 14th S.T.S. 1955 


crude drugs would make a good 
project. So I started to work, and 
have been working on them ever 
Many of 


were failures. It was only through 


since. my extractions 
a great deal of effort that I was 
able to extract successfully the 
twenty-four assorted alkaloids and 
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principles that constitute my proj- 
ect thus far. 

In order to do all the chemical 
work that I was interested in, 
I had long since constructed, 
out of an old horse shed in my 
back yard, a home laboratory. I 
do all my experiments in this lab. 
All the help that I received in my 
work came out of books. (See 
bibliography ). 

My first experiments in extract- 
ing alkaloids were conducted on 
tea and coffee. I hoped to obtain 
the alkaloid caffeine (trimethyl 
xanthine). All my first experi- 
ments failed, due probably to 
inferior technique. Soon, however, 
one of my extractions worked and 
the caffeine came out of CHCl, 
solution as a very light tan pow- 
der which, when crystallized from 
water, formed beautiful white, 
silky needles. 

Because of space limitations I 
am not going to put the extrac- 
tion methods for all the drugs I 
have extracted, but only for the 
shorter and more simple ones, 
and even those have been greatly 
shortened to conserve space. I 
did not use the methods found in 
textbooks exclusively, but varied 
them widely and made some ex- 
tractions up to suit the properties 
of the alkaloid that I was extract- 
ing. Also I had to modify some 
to suit the needs at hand. 

In all I have succeeded in ex- 
tracting; Strychnine, Brucine, 
Colchicine, Sanguinarine, Piper- 
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ine, Aconitine, Nicotine, (as the 
picrate and tartrate ), Berberine 
(as sulfate), Sparteine (as the 
sulfate), Hydrastine, Picrotoxin, 
Phytolacca, Saponin, Caffeine, 
Cantharidin, Resin of Podophyl- 
lum, Helleborin, Arecoline (as 
HBr), Yohimbine, Cimicifugin, 
Pilocarpine, Physostigmine, Eme- 
tine, Caephaline, and Psychotrine. 
I have crude drug materials for 
many more. 

There are numerous reagents 
used for the detection and identi- 
fication of alkaloids. Sulfuric acid 
and a crystal of K,Cr.O; will 
produce a blue-violet coloration 
with Strychnine. Nitric acid will 
produce a red color with Brucine 
which becomes violet with the 
addition of SnCl, solution. May- 
ers reagent (mercuric potassium 
iodide) gives a precipitate with 
most alkaloids. Some alkaloids are 
precipitated by iodo-potassium 
iodide or picric acid. 

The extraction of Strychnine 
and Brucine is a good example 
of alkaloidal extraction in general. 
The powdered Nux vomica seeds 
are made into paste with Ca- 
(OH). and dried. When dry, | 
extracted this by continuous per- 
colation with CHCl,. The alka- 
loids were removed from. the 
CHCl, by washing out with 10% 
sulfuric acid. This was fractional- 
ly neutralized and the resulting 
precipitates recrystallized from 
water and CHCl.,. A relatively 
good amount of each was obtain- 
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> Atka.Lows which he extracted from many plants formed the project 
which Stanley Marshall described for the Science Talent Search and 
showed at the National Science Fair. 


ed and tests were applied for each 
to ascertain their identity and 
purity. 

I extracted Cantharidin from 
blister beetles which I found in a 
neighbor’s garden. It was extract- 
ed thus: the powdered bugs were 
extracted with a mixture of ben- 
zene and benzin for ten hours. 
Then it was kept at a tempera- 
ture of 40° C for three hours. 
After filtering off the liquid and 
evaporating to a low volume, a 
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small amount of chloroform was 
added and evaporated. The crys- 
tals were recrystallized and bottl- 
ed. They were tested on my arm 
for the proper vesication proper- 
ties. 

The powdered root was com- 
pletely exhausted with alcohol. 
The majority of the alcohol was 
then distilled off and the concen- 
trated tincture poured into 10 
times its volume of 1% HCl. The 
resin was allowed to settle over- 
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night and was collected the next 
day by filtration. It was washed, 
dried and bottled. 

Caffeine is a very common al- 
kaloid that is known to most. Its 
extraction tea 
leaves was as follows: the tea was 


from common 
boiled with water until a strong 
decoction was obtained. After fil- 
tration all tannic acid present was 
precipitated by addition of 
lead acetate and the excess lead 
removed by precipitation with 
H.S. The aqueous solution was 
then and washed 
out with CHCI,, on evaporation it 
left caffeine which was recrystal- 
lized from water. 

Poke root, a native plant of 
Tennessee, 


1 
the 


concentrated 


contains a poisonous 
saponin. | made up an extraction 
method for this based on the gen- 
eral properties of saponins. First, 
an alcoholic decoction was made 
with CH.OH. The saponin was 
precipitated from this solution 
with lead subacetate solution. The 
large gelatinous precipitate was 
dried and it assumed the form of 
a golden yellow powder which 
foams when shaken with water. 
{ also had a positive test for alka- 
loids with Mayer's reagent but 
could not isolate any. 

Nicotine was extracted in three 
separate forms: free, the tartrate, 
and the picrate. The method is 
too long to explain here. 

Hydrasitis (Golden Seal) yields 
two alkaloids, Berberine and Hy- 
drastine, both of which I have 
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succeeded in extracting. Follow- 
ing is the extraction of Berberine: 
the powdered root is exhausted 
with alcohol evaporated 
down. An excess of concentrated 
H.SO, is added and the precipi- 


and 


tate is collected, washed, and re- 
crystallized from water. This is 
Berberine bisulfate. Incidently, 
| have extracted Berberine from 
another source, namely, Berberis 
vulgaris. 

Scotch broom, collected in a 
neighbor's yard, yielded an alka- 
loid, Sparteine. The process in- 
volved steam distillation, neutrali- 
zation and crystallization. 

Aconite (Monkshood ) was also 
deprived of its alkaloid, Aconitine. 
I was forced to use the tincture 
form of the drug for my extrac- 
tion. The alcohol was evaporated 
and the residue extracted with 10% 
sulfuric acid and _ subsequently 
neutralized. Then it was washed 
out with (C.H;).O. This was 
evaporated leaving the Aconitine. 
When touched with the tongue it 
produced a very bitter taste. 

I found a blood root plant in 
the woods near my house, and | 
decided to try an extraction of 
Sanguinarine, which is the princi- 
ple alkaloid of the plant. The 
powdered root was extracted with 
5% acetic acid overnight. It was 
then neutralized with NH,OH 


and the resulting murky precipi- 


tate collected and while wet 
mixed with animal charcoal and 
dried. 
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The dried powder was then 

























































ie: | extracted with CH,OH and then 
ed | with C.H;OH. Both were evap- 
red | orated and the resulting reddish 
red | mass extracted with dilute HCl. 
pi. | Then this was neutralized. The 
re. } precipitate was collected and re- 
is | crystallized from diluted alcohol. 
tly. | A good test is to place a small 
om | amount of acid on the alkaloid 
sri | and if it is positive a red color 
will be formed. 
' “1 Colchicum autumnale is a 
ka- powdered version of the meadow 
i | saffron plant. An alkaloid was 
ali- prepared from it as follows: a 
large amount of the powdered 
also drug was extracted with water 
in€. | containing a small amount of lead 
‘Ure | acetate. After filtration a small 
‘ac | amount of sodium phosphate di- 
ted basic was added and the liquid 
10% | toiled. This removed excess lead 
ntly acetate. Then the whole liquid 
hed was shaken out with CHCl,. All 
Was | the operations thus far were very 
in€- | difficult because of the large vol- 
eT ime of liquid used. After the 
. |CHCl, had evaporated the shel- 
t 10 | lac-like resinous alkaloid was re- 
id | dissolved in ethyl acetate. After 
ot drying it was tested. 
inci- 
The | Picrotoxin was extracted by a 
with jlong, laborious process. Tests 
was | proved the success of my extrac- 
OH |tion. Piperine, the sharp, biting 
cipi- Jalkaloid of pepper, was also ex- 
wet |tracted. The physiological test on 
and |the tongue is the best test for this 





principle. It is a pyridine deriva- 
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tive and does not form salts with 
acids readily. 

Cimicifugin, the resinous sub- 
stance from black cohosh, was 
obtained and purified in a manner 
similar to the one described for 
podophyllin. Another very active 
alkaloid that is difficult to obtain 
is physostigmine. It was extracted 
as the salicylate. Three alkaloids 
which I extracted from Ipecac are 
Emetine, Caephaline, and Psyco- 
trine. Yohimbine was prepared as 
the picrate. Helleborin from 
Black Hellebore was also extract- 
ed. All preceding alkaloids have 
been separated. At present I have 
two alkaloids in the completion 
stage. They are Pilocarpine and 
Arecoline. 

The main solvents I used in my 
work are CHCl;, C2.H,;OH, 
CyHg, and (CH; )20. I used all 
the common acids (HCl, HNOs, 
and H.SO,) as well as phospho- 
molybdic, phosphoric, acetic, 
phosphotungstic, sulphomolybdic, 
and picric acids. The bases used 
were KOH, NaOH, Ca(OH). 
and NH,OH. Other chemicals 
used chiefly were sodium phos- 
phate dibasic, lead acetate, and 
aluminum sulfide. (For H.S gen- 
eration ). 

The crude botanical drugs, that 
could not be found, were pur- 
chased from drug stores and di- 
rectly from S. B. Penick and 
Company. 

I believe many methods may be 
found for quicker and more con- 
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venient extractions. One I have in 
mind is utilization of Mayer's re- 
agent to precipitate them and 
subsequent separation from the 
salt thus formed. 

Alkaloids in general are found 
chiefly in leaves, roots, seeds, and 
flowers of plants but rarely in 
stems. Their purpose seems to be 
to discourage animals from eating 
the plant. Nearly all are bitter; 
all are nitrogenous bases contain- 
ing carbon, nitrogen, hydrogen, 
and usually oxygen. The liquid 
alkaloids do not contain oxygen, 
as a rule. 

The main processes involved in 
separation are: exhaustion, neu- 
tralization, washing out with im- 
miscible solvent, crystallization, 
distillation with steam, evapora- 
tion, and precipitation. 

I have reached the conclusion 
that much work remains to be 
done on alkaloids. Many things 
need to be studied in more detail, 
with particular attention paid to 
their pharmacological actions. 
There are many hundreds of alka- 
loids known which are produced 


by plants, and in all probability, 
there are perhaps thousands of 
plants which likewise produce 
alkaloids that man knows nothing 
of at the present time. I consider 
my project very good preparatory 
work for my future plans. I hope 
someday to discover alkaloids my- 
self and my work thus far on my 
project has developed my techni- 
que and experience in this line. 
In the future I plan to do re- 
search in the fields of biochemis- 
try and pharmacology and hope 
to be able to earn my PhD in one 
of these subjects. I am interested 
in learning about the physiologi- 
cal formations of alkaloids in 
living plants. Anything in the line 
of Organic Chemistry is interest- 
ing to me and I will probably go 
into some branch of this field. 
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Alpha, Beta, and Gamma Rays 


by Kispee STREETMAN 


West End H.S., Birmingham, Ala.; Honorable Mention, 14th S.T.S. 1955 


> PernHaps the most interesting 
phase of nuclear physics is the 
study of radioactivity. The elusive 
by-products of atomic disintegra- 
tion proved to be a source of a 
series of interesting and informa- 
tive experiments for me. 
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In order to study alpha, beta, 
and gamma rays I built a simple 
Geiger counter to be used to de- 
tect the rays and measure their 
intensity. One of the first experi- 
ments with the Geiger counter 
was to measure the amount of 
stray, background radiation pre- 
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GEIGER COUNTER 


Adapted from Science - Mechanics Circuit 


Voltage Doubler 


sent in the atmosphere. Using 
standard ray sources and my Gei- 
ger counter, I determined the 
shielding qualities of a large num- 
ber of materials such as wax, pap- 
er, glass, and lead, and graphed 
the data I received. 


Using the fact that atomic ra- 
diation will affect photographic 
film, a fact that led to the discov- 
ery of natural radioactivity, I 
made three dozen radio-photo- 
grahps of beta and gamma rays 
by using dental X-ray film and 
standard radiation sources. These 
radiographs revealed a useful ap- 
plication of atomic rays to detect 
flaws in metal castings. 

The Geiger Counter 

One of my first steps in the 
study of atomic radiation was the 
construction of a simple, general 
purpose Geiger counter. The cir- 
cuit I chose was fairly inexpensive 
and yet offered operating char- 
acteristics comparable to more ex- 
pensive equipment. 
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3:1 Audio 
Transformer 5O0L6 


40 MFD 
450 V 


The power requirements for the 
counter are supplied by a beam 
power tube, connected as a triode, 
in a blocking oscillator circuit. In 
this circuit direct current is sup- 
plied to the plate of the 50L6 tube 
through a small transformer. The 
grid circuit runs through the other 
side of the transformer. When a 
surge starts through the trans- 
former to the plate it produces a 
voltage on the grid side. This grid 
voltage “blocks” the plate voltage 
causing it to stop flowing. Thus 
through this oscillation of current 
between the grid and plate cir- 
cuit a high voltage is produced. 

This voltage, which is about 
700 volts, is a hgh frequency alter- 
nating current in the neighbor- 
hood of 1200 to 1500 cycles per 
second. This alternating current 
is fed to the plates of an OZ4 cold 
cathode rectifier where it is 
changed to direct current. Be- 
cause the voltage developed by 
the oscillator is of such a high 
frequency it is unnecessary to 
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> Grapu of absorption of beta rays 


filter the direct current output 
from the rectifier. 
The direct current is then fed 


to the Amperex 75NB3 Geiger 


counter tube. When an atomic 
particle passes through the tube 
it ionizes the gas in the tube al- 
lowing current to flow in the cir- 
cuit. This flow of current causes a 
click in the headphones indicating 
the presence of atomic radiation. 
Background Radiation Count 

Before any measurement con- 
cerning the absorption of alpha, 
beta, and gamma rays can be 
made it is necessary to determine 
what is called the background 
radiation count. This radiation, 
which is primarily due to cosmic 
radiations from outer space and 
radioactive particles in the air, 
varies constantly and affects the 
reading from a source of radiation 
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being measured. To determine 
this background count in my area, 
I made a series of five one minute 
checks with my Geiger counter 
with all radiation sources far 
away from the counter so that 
it would record only the back- 
ground radiation. From the counts 
recorded in the five minutes | 
figured the average background 
count. 


Background Radiation Count 
0-15 15-30 30-45 45-60 
sec. sec. sec. sec. 

Ist.min. 4 . 2 
2nd. min. 3 
3rd. min. 5 
4th. min. 4 
5th. min. 3 


Total for five minutes: 70 counts 
Average count per minute: 14 
counts. 
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> Grapu of absorption of gamma rays 


This background is subtracted 
from the count of a radiation 
source in order to get the amount 
of radiation the source emits. 
Thus when a source measures 114 
counts per minute, the actual 
count is only about 100 counts per 


minute (114—14), 


In the experiments that follow 
there is no mention of the back- 
ground count as I corrected all 
my data by subtracting the back- 
ground number. 

Absorption of Rays 

Again using my Geiger counter 
and standard sources of alpha, 
beta, and gamma rays, I tested 
numerous materials for their abil- 
ity to absorb atomic radiations. 


Because of the low penetration 
power of alpha rays they could 
not be recorded by using a Geiger 
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counter. Other experiments using 
an electroscope revealed that al- 
pha rays are stopped by even a 
single sheet of paper or thin metal 
foil. 

Placing the beta source about 
three inches from the Geiger 
counter with nothing between the 
two, I recorded 120 counts per 
minute. When several sheets of 
aluminum foil were placed be- 
tween the source and the counter, 
the radiation dropped to 115 
counts per minute showing that 
the foil had stopped about 4.16% 
of the beta rays. When 2 mm. of 
asbestos were placed between the 
source, no count above the usual 
background radiation was ob- 
served showing that the asbestos 
had absorbed all the beta rays. 
Other tests were conducted using 
paper, paraffin, flesh, wood, and 
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cardboard. The results of these 
experiments I have graphed. 


Using the gamma ray source, I 
repeated the experiments. With 
the source three inches from the 
counter a total of 85 counts per 
minute was recorded. When 2 
mm. of asbestos was placed be- 
tween the source, the count drop- 
ped to 58, showing that the asbes- 
tos had absorbed about 28.23% of 
the rays. This was repeated using 
different materials such as paraf- 
fin, wood, paper, lead, and flesh. 
The results of these tests were 
also graphed. 


Radiographs 

When photogtaphic film is ex- 
posed to the bombardment of 
atomic radiation, the film becomes 
exposed or a shadow picture is 
produced on the film. This effect 
of exposure occurs when the silver 
salts become broken down into 
metallic silver by the ionizing ef- 
fects of the atomic rays (this is 
much like the way light causes 
the emulsion to break down. ) 

Almost any kind of film can be 
used to detect radiation although 
X-ray film, which is “faster” in 
reacting is preferred. I chose to 
use the small dental X-ray film 
packets for my experiments be- 
cause they were easy to handle. 

To make a radiograph, as these 
pictures are called, an object such 
as a metal key is placed on the 
X-ray film packet. On top of the 
key is placed a source of radiation 
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o 
so that the key blocks some of the 
rays thet travel toward the film. 
Thus when the film is developed 
a dark outline of the key is seen 
on the film. The film just under 
the key was not exposed because 
the metal absorbed the rays while 
the unprotected part became 
clouded. 





Using standard sources of al- 
pha, beta, and gamma rays | 
made over three dozen radio- 
graphs. Both gamma and _ beta 
rays gave excellent results be- 
cause of their penetration ability. 
It was not possible to get an alpha 
radiograph because the alpha par- 
ticles could not penetrate the lead 
foil that surrounded the film pack- 
et. However on one occasion | 
covered the alpha source with 
aluminum foil and went through 
the usual steps in making a radio- 
graph. When the film was de- 
veloped I discovered, much to my 
amazement, that it had_ been 
exposed. Repeated experiments 
showed the same results while no 
action occurred when the alpha 
source wasn't covered with alumi- 
num foil. Further readings reveal- 
ed that when certain metals such 
as aluminum, cadmium, and mag- 
nesium are bombarded by alpha 
particles they give off rays called 
positrons. These positrons are sim- 
ilar to the beta particles but pos- 
sess a positive charge. It was these 
positrons that had produced the 
exposure on the film. 
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Chemical Surprises 


> FLAMES and colors make che- 
mical reactions some of the most 
beautiful kinds of demonstrations. 
By borrowing a few tricks from 
the amateur magician, really 
spectacular shows can be work- 
ed up, which can put across 
chemical information in a drama- 
tic way. 


Recipes for the chemical reac- 
tions traditionally used for these 
chemical tricks are given in the 
following pages. They are not 
new, and so are scarcely suitable 
for Science Fair projects. Many 
of them are rather dangerous, and 
should never be done on the sly. 
But in surroundings where venti- 
lation is adequate and every 
precaution has been taken against 
accidents and fires, many science 
clubs enjoy putting on such a 
show. Many teachers find occa- 
sional demonstrations of chemical 
magic stimulating to the students’ 
interest. 


A favorite opening for a chemi- 
cal show is to welcome the 
audience in letters of fire. A blank 
sheet of paper is fastened be- 
tween two ring stands or other 
supports, backlighted in such a 
way as to show off the burned-out 
letters as they appear. A lighted 
cigarette touched to the right spot 
starts a burning trail which will 
spell out the chosen message. 
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Two methods are available to 
scorch the word “Welcome” onto 
the paper for the audience to see. 
The letters, which should be simi- 
lar to those shown in the cut, with 
no complete loops to fall out, may 
be painted onto the paper with a 
solution of white phosphorus, 
about the size of two peas, in 20 
ml. of carbon disulfide. If the 
paper does not have to catch fire 
spontaneously, the liquid should 
be diluted with 3 or 4 times its 
volume of carbon tetrachloride. 
This will retard the flame enough 
so that the paper will just scorch, 
and there will be less fire hazard. 

In the other method, the mes- 
sage is painted on the paper with 
a water solution of potassium chlo- 
rate. After the water has evapora- 
ted, the trail of salt may be ignited 
with a cigarette. This method is 
used also to outline branching 
paths for the familiar “horse race” 
game, in which players choose the 
positions for their favorites at the 
beginning, then watch the dev- 
ious courses pursued by the 
glowing lines across the paper, to 
see which reaches the opposite 
margin first. 
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Flaming Letters 


Other settings can be provided 
for the ignition of a solution of 
white phosphorus as its solvent 
evaporates. By careful timing, the 
flame may seem to appear on 
command. But it must never be 
forgotten that white phosphorus 
makes bad burns. 


The solution with which the 
letters are painted on the paper is 
made by dissolving white phos- 
phorus in carbon disulfide. When 
the disulfide evaporates the phos- 
phorus sets the paper on fire 
spontaneously. 

Caution: This is a dangerous 
experiment. Care must be taken 
to see that none of the liquid 
drops on any surface likely to take 
fire. An asbestos sheet must be 
provided large enough to catch 
any flaming bits of paper. Fire ex- 
tinguishers must be kept handy, 
though out of sight of the audi- 
ence, and each person on the 
stage must be drilled in how to 
use them if necessary. 

A large crock of a strong solu- 
tion of copper nitrate in water 
should be available into which 
hands may be dipped and with 
which clothing may be saturated 
if a performer gets any of the 
phosphorus solution on himself. 
Spilling should not take place if 
ordinary precautions are taken. 


Note: The experiment should 
be tested on the day and in the 
room in which the performance 
is to be given, to determine the 
approximate length of time it will 
take to evaporate the carbon 
disulfide. Under no circumstan- 
ces should more of the solution 
be added to the paper after the 
first pouring. If the paper does 
not go off, ignite it with a long 
taper or match attached to a stick 
at least three feet long. A window 
pole is excellent. 


Spontaneous Explosion 


A level teaspoonful (not more!) 
of potassium chlorate is piled in 
the middle of a large sheet of 
asbestos. It is wetted with a solu- 
tion of white phosphorus disolved 
in carbon disulfide. 


Caution: This is a highly explo- 
sive reaction. No one must come 
near the asbestos sheet after the 
material has been moistened with 
the phosphorus solution, until the 
reaction is over. Phosphorus must 
never be handled with the fingers. 


If the reaction does not take 
place within a suitable time, it 
should be kindled with a taper 
held at a distance of at least 3 
feet. Use very small quantities 
only until you learn to manage 
the materials. 
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A Word About Flares and Bangs 


>PLAYING with fire provides a 
double thrill, combining truly 
beautiful effects with a spine-ting- 
lng sense of imminent dan- 
ger. The competent young 
chemist will not handle dangerous 
reactions carelessly. He will un- 
derstand what the dangers are, 
and take care not to let accidents 
happen. He will keep his face and 
hands away from burning and ex- 
plosive mixtures, and check ap- 
paratus against dangerous gas 
pressures. He will observe to the 
letter such cautions as “grind 
separately” in directions for mak- 
ing gunpowder. 

Ours is a highly flammable 
world, and experience with fire 
is an inescapable part of our train- 
ing for living. The young child 
approaches with terror his first 
attempts at scratching matches 
and lighting the gas stove. And 
rightly so, for both are experi- 
ments with explosive chemicals. 
But the wise parent will train 
him to perform these experiments 
safely, 

In the chemistry laboratory, the 
student meets many unfamiliar 
substances. Some of them are ex- 
plosive in the same way that the 
match-head is explosive, and are 
set off by friction. Others explode 
when mixed with air and ignited 
by flame, as does the gas over the 
gas-burner. These explosions are 
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examples of quick burning. In 
the open air this is over in a mo- 
ment, and the products of the 
reaction diffuse freely into the air. 

If a quick-burning reaction 
takes place in a closed space, and 
produces gases which are quickly 
expanded by the heat generated, 
the container may break and in- 
jure anyone within range of the 
flying glass or metal. Flame 
striking back into a hydrogen gen- 
erator produces this kind of ex- 
plosion. 

Nitrogen compounds enter into 
the class of unstable materials 
known as “high explosives.” En- 
ergy is absorbed when these 
materials are formed, and hangs 
ready to let go when their equili- 
brium is upset by a detonating 
charge or an accidental jostle. 
High explosives are notable for 
the shattering effect all around 
them when they go off. The rock 
underneath is broken and a hole 
scooped out of the earth, even 
though the reaction was set off 
in the open air. This shattering 
quality is called brisance. Nitro- 
glycerine, TNT and PETN are 
examples of brisant explosives. 

Ammonium nitrate, although it 
has in recent years triggered dis- 
astrous explosions, is not an 
explosive of this class. Alone, it 
is as inert as table salt at ordinary 
temperatures. Contaminated with 
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organic matter, which can fur- 
nish oxygen, hydrogen and car- 
bon, reactions take place whose 
products are all gaseous. Sudden 
expansion of hot gases again 
accounts for most of the damage. 


The flares and bangs provided 
by the recipes given here result 
from the relatively harmless kind 


> OF course, all fireworks should 
be set off outside unless you use 
very small quantities and do not 
object to irritating smoke. Best 
results are obtained on dark, wind- 
still evenings. 

‘Il ingredients used must be dry 
and finely powdered. Powdering 
should be done in a mortar—each 
ingredient separately! Special cau- 
tion must be observed when 
grinding potassium chlorate, as 
this substance may explode if 
handled too roughly. The pow- 
ders are mixed together on a 
sheet of paper by lightly shuffling 
with a spatula or a wooden spoon. 

The mixed powders are ignited 
easily by using touch paper. The 
latter is made by soaking sheets 
of filter paper in concentrated 
potassium nitrate solution. When 
dry, they are cut into thin strips. 

Remember the composition of 
the following mixtures is given by 
parts—not by weights. We sug- 
gest that you refrain from using 
too large quantities. 
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Fireworks and Colored Flames 











of explosions. The chemist, how. 
ever must be careful, watch gas 
pressure in his apparatus and re. 
member that expanding hot gases 
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move very fast. He will work TI 
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quantities of materials, adequate An "5 
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And finally, the mixtures must | Wis¢ 
be made immediately before us- | mig 
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Colored Fires othe 
Thoroughly mix the ingredients | ™? 
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Purple 

1 part —copper sulfate 

1 part —sulfur 

1 part —potassium chlorate 

These may be made into flares 
as follows. All ingredients must be 
dry and powdered to a reasonably 
fine grain, but need not be reduc- 
ed to the fineness of flour. All 
mixing is done by rocking on 
paper or by careful use of wood- 
en spoon held at arm’s length. No 
rubbing can be permitted, other- 
wise spontaneous combustion 
might take place. Don't experi- 
ment with the addition of any 
other ingredients. To do so is to 
invite disaster. 
After the ingredients have been 

intimately mixed they are drop- 


ped into a cylinder of cardboard, 
or paper tube. To make the cylin- 
ders, roll a single overlapping turn 


of waxed paper over a dowel 
about half an inch in diameter. 
Apply mucilage to one side of a 
sheet of writing paper. Roll the 
wax-paper covered dowel on the 
mucilage coated paper, and slide 
the tube so formed off the dowel. 
Pull out the waxed paper and set 
the tube aside to dry. Cut into 
desired lengths, allowing enough 
at the bottom to fold over. 

If colored fires are to be held in 
the hand an eight inch section 
of dowel should be left at the 
bottom of each tube. The paper 
then is rolled around the dowel 
directly, omitting the waxed pap- 
er, 
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Do not fill with chemicals until 
the paper tube is perfectly dry. 
After dropping in a teaspoonful 
at a time the material should be 
tamped into the tube lightly with 
the wooden dowel. 


Serpent’s Eggs 

Thoroughly mix together 3 
parts potassium nitrate, 5 parts 
sugar, and 5 parts potassium di- 
chromate. Form a paste with 
alcohol and mold into pellets. 
When dry, ignite with touch pap- 
er. A bulky snake-like ash is 
formed. 
Flower Pot 

Mix together 1 part each of 
powdered magnesium, powered 
iron, charcoal, and sulfur, 4 part 
of powered zinc, and 2 parts of 
potassium nitrate. Now obtain a 
small iron crucible and drill a 
small hole in the bottom of it. 
Insert a strip of touch paper 
through the hole, extending about 
\, inch into the crucible. This will 
serve as a fuse. Holding your fin- 


1/8 in. hole in 
_ bottom of crucible 


iron crucible 


Flower Pot - cross sectional view 
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ger over the hole, pour in the 
mixed powders, until the crucible 
is about 14 full. Then wedge the 
mixture in with a piece of card- 
board and invert the crucible (see 
diagram ). Ignite the touch paper, 
step back and witness a brilliant 
display. The flower pot must be 
ignited outdoors, as the flying 
sparks will attain considerable 
height. 

Sparklers, 1. 


A mixture of 20 parts potassium 
nitrate, 6 parts sulfur and one part 
charcoal is blended together with 
gum arabic solution to form a 
thick paste. Obtain several lengths 
of thin wire strips and dip them 
into the paste. When dry, ignite 
with a match. 

Sparklers, Il. 

Showers of sparks come from 
the ends of these wands. This is 
a good wand for a magic fairy, 
and may be used for many effects. 


Powdered sulfur 2 oz. 
Potassium 

nitrate powdered 10 oz. 
Powdered charcoal 3 OZ. 
Iron filings 4 oz. 
Powdered aluminum 1 oz. 


If chemicals are not in powder- 
ed form, each must be powdered 
separately. Make sure that you 
use a clean mortar when handling 
the potassium nitrate. Powder 
only a small quantity at a time. 
Do not mix in the mortar, instead, 
pile all of the ingredients on sep- 
arate sheets of paper, then com- 
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bine them by using a wooden 


spatula or by merely rolling the } is ab 
paper back and forth. by a 
Add the mixture to alcoholic | ™&™ 
shellac until the liquid become; { " “ 
like a thick sirup. Cut 18 inch} In 
lengths of soft iron wire, about } cott 
No. 18 gauge, fashion hook at one } cool 
end of wire ,pour shellac and | it s 
chemical mixture into a tall cylin- } it w 
der and dip in the wires one ata | a la 
time. Hang by the hook to dry, } uti 
Repeat dipping until the coating | mov 
is about the thickness of a lead } root 
pencil. These will take quite a bit] y 
of heat to ignite them, but one } ton 
can be started easily from the rap 
burning tip of another. Sparks are | |arg 
harmless, but wire is very hot, so } tigh 
avoid burns. pap 
All-Star Sparkling Fire tigh 
Mix together 1 part each of | 20% 
powdered magnesium, powdered | Cok 
iron, charcoal, sulfur, powdered] (¢ 
zinc, antimony sulfide, lycopo- } in 
dium powder, cloves, ginger, | mo 


cinnamon, sugar, and 3 parts po- 
tassium nitrate. Ignite outdoors 
with touch paper. 


Guncotton 
For tossing flame into the air 


and for the production of a 
variety of explosive effects, few 










things are as satisfactory as gun-] ] 
cotton. wa 
Mix 20 parts by volume of con- the 
centrated sulfuric acid with 25 } 
parts of concentrated nitric acid. : 
Mix slowly and stir with a glass |" 
rod. Make sure that the container |“ 
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in which the solutions are mixed 
is able to withstand the heat and 
by all means perform the experi- 
ment in the laboratory sink just 
in case the receptacle breaks. 
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inch | Immerse ordinary absorbent 
about | cotton in the mixture after it has 
it one | cooled to room temperature. Let 
and | it soak for five minutes. Remove 
cylin- | it with a glass rod and wash it in 
e ata | a large quantity of running water 
» dry. | until all of the acid has been re- 
yating | moved. Let it dry thoroughly at 
_ lead | room temperature. 
a bit} When an open wad of the cot- 
t one | ton is ignited it goes off with a 
n the | rapid flash and the evolution of a 
ks are | Jarge quantity of gas. If a wad is 
ot, 80 | tightly rolled into a sheet of 
paper it explodes as well. The 
tighter the packing the greater the 
ch of | noise. 
dered | Colorful Flames 
dered | Camp fires will burn brighter 
‘copo- | in summer and log fires will be 
inger, | more colorful in winter if you 
ts po- | throw on the fire lumps of saw- 
(doors | dust which have been soaked 
in chemical solutions and then al- 
lowed to dry. The flames will 
re air | blaze yellow, red, green or blue, 
of aj} depending upon the chemicals 
few | used. 
} gun- | First, determine the amount of 
water which must be added to 
f con- | the sawdust to get the proper 
th 25 | consistency. Fill a drinking glass 
acid. |to the brim with water and grad- 
glass | wally add this water to a heaping 
tainer | upful of sawdust, kneading all 
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the time, until it forms a mass of 
puttylike consistency which will 
keep its shape when squeezed 
together. 


By measuring the amount of 
water left in the glass, you can 
figure how much water was taken 
up by the sawdust. This tells you 
how much you need in making 
your chemical “logs.” Discard this 
batch of sawdust. 

If you needed half a glassful of 
water for your test mixture, add a 
teaspoonful of potassium nitrate 
to half a glassful of water and stir 
until completely dissolved. Use 
this solution to moisten a cupful 
of fresh sawdust. 

Making the Log 


Press the moist sawdust  to- 
gether and either shape it into a 





SAWDUST > 





POTASSIUM NITRATE 
OR OTHER CHEMICAL 


MOLD INTO 





cone, roll it into a log, or mold it 
into a thin paper tube made from 
a single sheet of writing paper. Set 
the molded product aside to dry 
thoroughly—do not attempt to 
make it dry faster with artificial 
heat. Within a few days your saw- 
dust block will be ready for use. 
When you light it, it will produce 
a yellowish-white flame. 

If, instead of using a teaspoon- 
ful of potassium nitrate in the 
water, you substitute half a tea- 
spoonful of strontium nitrate, the 
flame will be bright red. If a half 
teaspoonful of barium nitrate is 
used instead, you will get a bril- 
liant green flame. The addition 
of a small quantity of copper sul- 
fate to the teaspoonful of potas- 
sium nitrate will change the 
yellowish white flame to blue. 

A most colorful log for use in a 
small fireplace or to add a festive 
spirit to your campfire can be 
made by mixing batches of saw- 
dust as described above. Take a 
pinch from one of the batches 
and against this press a small 
quatity from a second batch of 
moistened sawdust. By adding 
bits of sawdust moistened with 
the various salt solutions, you can 
form a log which will produce 
different colored flames. 

Short sections from such a log 
may be used as colored flares. 
Place them on the ground before 
lighting. 

Brilliant Colored Smoke 


Colored smokes—bright-hued 
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greens, yellows, reds, blues, and 
other colors—were used extensive. 
ly by American fighting men 
during the war for many kinds of 
signaling. 

Only smokes of definite and 
unmistakable colors were used, 
except in certain cases, to avoid 
confusion with gray, white or 
black smokes produced on the 
battlefield by high explosives, by 
screening smokes, or by burning 
equipment or structures. 

Signal smokes, the Technical 
Command said, can be made by 
dispersion of finely powdered 
materials, by chemical reactions 
which produce colored smokes, or 
by volatilizing colored materials. 
Only the latter method has been 
found feasible for smoke of high 
volume and high color intensity. 

Organic dyes and dye _inter- 
mediates have been found to be 
the only practicable colored ma- 
terials suitable. Except for black 
smoke, all the colored smoke sig- 
nals are based upon volitilization 
of dyes and dye intermediates. 


The dyes found feasible are 


mainly anthraquinone derivatives. 


The colored smoke composi- 


tions are essentially pyrotechnic 


mixtures of fuel, consisting of af 


combustible material and an oxi- 
dizing agent, a dye and some- 
times a cooling agent. 

The heat produced by the re- 
action of the fuel constituents 
volatilizes the dye which con- 
denses outside the munition to 
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form a smoke. A cooling agent 
which may be added serves to 


regulate the rate of burning 
f the fuel and lower the temper- 
ature of combustion so as to 


prevent excessive decomposition 
f the dye, evidenced either by 
decolorization or strong flaming. 

The only oxidizing agent that 
was satisfactory in the fuel mix- 
ture was potassium chlorate, with 
sugar one of the best combustible 
materials. The best cooling agents 
were found to be either sodium 
4 potassium bicarbonate. 

In investigations of dyes, the 
anthraquinone dyes were found 
superior to all others in producing 
smoke clouds. The azo derivatives 
furnished very few suitable dyes, 
and in no case were these su- 
perior to the anthraquinone dyes. 
Their defects are their tendency 
to flame and to produce trans- 
parent smokes. Among the azine 
types, rosindone and its deriva- 
tives gave excellent bright smoke 
clouds without any flaming. Their 
color range, however, is limited to 
red and orange. 

Self-Lighting Candles 

Two rows of candles are ar- 
ranged, one along the back of a 
table, the other along the front 
edge. As soon as one candle at 
one end of the front row is lit the 
flame leaps across an air gap of 
three or four inches to the second, 
then to the third, and so on until 
all in the front row are burning. 


The demonstrator squirts a water 
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pistol onto the burning candles, 
which go out, but the candles in 
the back row light up of their 
own accord. 

The secret of this candle trick 
is simple. The candles in the front 
row are connected by a thread 
which has been soaked in a con- 
centrated solution of potassium 
nitrate and then dried. The thread 
acts as a fuse and leads the flame 
from candle to candle. 

The candles in the back row 
are each topped with a tiny bit 
of metallic sodium. Caution: Ap- 
ply with tongs. Do not handle 
metallic sodium with fingers. Be 
careful to set candles without dis- 
lodging sodium. Do not get it on 
clothing. 

When the stream of water from 
the water pistol puts out the can- 
dies in the front row, it is guided 
to the wicks of the second row. 
Sodium in contract with water 
will ignite the wick. 

Ticklish Explosives 

This is nitrogen triiodide, pre- 
pared by putting a few drops of 
iodine crystals or a little powder- 
ed iodine into a test tube and 
covering with an excess of con- 
centrated ammonium hydroxide. 

\ dark brownish precipitate will 
form, which must be kept wet. 
When ready for use, filter and 
handle on wet filter paper. 

(Caution: Use the smallest 
quantities, only as much as is 
picked up on the end of a tooth- 
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pick. Never leave any of the dry 
compound around. This is said to 
be one of the most sensitive ex- 
plosives known. An insect walking 
over the crystals will explode 
them. This property may be de- 
monstrated by tickling them with 
a feather — held at arm’s length, 
of course! ) 
Purple Smoke 

Equal portions of zinc dust and 
powdered iodine are mixed and 
spread out in 1’”-diameter spots. 
When water is sprinkled on these 
spots, clouds of iodine vapor are 
given off. This must be done on 
an adequate sheet of asbestos. 
White Flame 

Eight parts of ammonium ni- 
trate and one part of ammonium 
chloride, by weight, are powder- 
ed separately, then mixed. The 
mixture is spread out in half-dol- 
lar size spots and each spot is cov- 
ered with zinc dust. When water 
is sprinkled on these spots a vio- 
lent reaction takes place, accom- 
panied by bluish-white fumes and 
white fumes. On a sheet of asbes- 
tos, as above. 
Explosive Bubbles 

Hydrogen plus oxygen soap 
bubbles are blown with a clay 
pipe or a thistle tube, using tanks 
of hydrogen and oxygen, or one of 
hydrogen plus bubbles of air. 
Household gas can substitute for 
hydrogen. Make a _ concentrat- 
ed soap solution and add glycer- 
ine to make the bubbles last 
longer. 
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(Caution: A mixture of hydro- 
gen and oxygen in the ratio of 2 





to 1 is highly explosive. Do not } is p 
release hydrogen while any flame | aqu 
is burning in the room. After | bea 
blowing bubbles, disconnect the } con 
bubble tube and place the bowl } ing 
with bubbles on the asbestos-cov- \ 
ered table, away from tanks of } aud 
hydrogen and oxygen gases. Ig- } eac 
nite bubbles carefully by means } of | 
of a small gas flame burning at | or : 
the end of a long glass tube. They } tha 
will burn with a flash if there is | Th 
more hydrogen than oxygen, or | por 
explode with a loud report if the } anc 
mixture is about 2 to 1. The desir- } sha 
ed effect can be obtained by trial } out 
and error. Wri 
OCrangeade from Water ten 
One 600 ml. beaker is'% filled | the 
with a dilute solution of mercuric | P° 
chloride (Caution: deadly pois- | ma 
on!) and second 600 ml. beaker is | 
\, filled with a solution of potas- par 
sium iodide. When part of the } the 
latter solution is poured into the | oy 
mercuric chloride solution, a sal- } pa, 
mon-orange color appears (or- | fro 
angeade” ) but upon adding all of | pr 
the potassium iodide solution the ] ter 
color suddenly disapears (“wa- ple 
ter”). thi 
Note: nobody drinks any of these | p}z 
solutions! 
Disappearing Ink 
Before performing this trick in 
the presence of the audience, five | > 
400 ml. beakers are prepared as | sui 
follows:—In beaker no. 1 is placed | fon 
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0.5 ml. of a ten per cent ferric 
chloride solution; in beaker no. 3 
is placed 0.5 ml. of a five per cent 
aqueous tannic acid solution; in 
beaker no. 5 is placed 1 ml. of 
concentrated sulfuric acid. Noth- 
ing is put into beakers 2 and 4. 

When showing the trick to the 
audience, the performer pours 
each of the beakers about 24 full 
of water from an opaque pitcher 
or a large dark bottle, remarking 
that he has poured out pure water. 
Then, seeming to be confused, he 
pours the contents of beakers 1, 2, 
and 3 back into the pitcher. After 
shaking, he pours ink (actually) 
out. After showing that he can 
write with it, he pours the con- 
tents of all the beakers back into 
the pitcher. The liquid he now 
pours out of it is colorless. 


Magic Pitcher 

Four 400 ml. beakers are pre- 
pared before they are shown to 
the audience. In this case, such a 
small amount of liquid is put into 
each one that they appear empty 
from a distance, and may even be 
brought in upside down, to heigh- 
ten that effect. In beaker no. 1 is 
placed 0.5 ml. of 1 N potassium 
thiocyanate; in beaker no. 2 is 
placed 0.5 ml. of very dilute pot- 


Tricky 


> THE FOLLOWING reactions are 
suitable either for stage tricks or 
for serious laboratory demonst- 


SCIENCE EXHIBITS 


viithka 


tassium ferrocyanide; in beaker 
no. 3 is placed 0.5 ml. of five per 
cent aqueous tannic acid solution; 
beaker no. 4 is left empty. The 
performer pours a weak ferric 
chloride solution from a pitcher 
into each of the beakers, obtain- 
ing from no. 1 a “red wine,” from 
no. 2 “blueing,” from no. 3 “black 
ink” and from no. 4 “cold tea.” 
Volcano 

A large porcelain crucible is 
filled with powdered ammonium 
dichromate, and the powder ig- 
nited. Sparks rise for a long time 
and a huge amount of greenish- 
black ash is produced. This is 
most effective if the crucible is 
surrounded by sand to make it 
appear like a mountain peak, and 
the experiment done in the dark. 
Gruesome Snake 


Pellets of mercuric thiocyanate, 
about the size of a half-dollar and 
%4 in. to 1 in. high, are shaped 
from the mushy precipitate which 
is obtained by mixing solutions 
of mecuric chloride (Caution: 
deadly poison!) and potassium 
thiocyanate. These are prepared 
ahead of time, and dried by 
standing at room temperature. 
When ignited, a voluminous, coil- 
ing, yellow-green ash is formed. 


Effects 


rations. While there are many 
others that might be included, we 
have left out many that require 
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elaborate set-ups, or that are too 
odorous to be done except under 
a hood. 


If a program of chemical tricks 
is to be constructed, they should 
be so arranged that the less spec- 
tacular come first, gradually lead- 
ing up to the most spectacular. 
This has little relation to the dif- 
ficulty of performance or the 
amount of technical skill required 
to perform them. 


Burning Ice 

Errect: Small lumps of solid 
material are dropped on a large 
cake of ice. This may be done un- 
der cover of a pass with the hand. 
A flame is applied cautiously 
near the surface. The entire block 
of ice takes fire and burns more 
brightly as the reaction reaches its 
height. 


Secret: The lumps are ordinary 
calcium carbide. The surface of 
the ice should show a bit of mois- 
ture. When the lumps are dropp- 
ed on the surface acetylene gas 
is given off which will burn. As 
it does so more water is melted 
and more gas given off from the 
reaction. This experiment is rea- 
sonably safe if a small quantity 
of calcium carbide is used. Flames 
can be extinguished by smother- 
ing with a blanket or the carbide 
is allowed to consume itself. 


Burning Solids 
Errect: Small lumps of mater- 
ial are placed on an _ asbestos 
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sheet. When other lumps are 
dropped on the first material a 
spontaneous ignition takes place. 
Secret: The first material is red 
phosphorus. It should be handled 
cautiously and spread _ gently, 
without friction. (Caution: do not 
use fingers.) A few iodine crystals 
are dropped from a long handled 
spoon on the surface of the phos- 
phorus. A short period of time is 
required before the reaction 
starts, but be sure to have your 
hands out of the way when it 
does. 

Caution: Phosphorus burns are 
very painful and do not heal 
readily. 


Antimony Trails 


Errecr: A substance is heated 


with a blow torch, then dropped 
on paper on which it leaves deco- 
rative curved and radiating pat- 
terns. 


Secret: The substance is anti- 
mony metal which is heated eith- 
er in a small crucible or on a 
block of charcoal having a depres- 
sion in it. A large sheet of paper 
at least four feet square is placed 
on a level table and the molten 
metal is dumped in the center. 

Because of its high surface ten- 
sion the metal runs in every direc- 
tion, the tiny balls of the molten 
metal leaving a star pattern with 
many rays extending in all di- 
rections. 

If the paper sheet is folded to 
form a shallow cone and this is 
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then set into a box to support it, 
an entirely different design re- 
plete with solid, dashed and dot- 
ted curves will result. In this case 
the molten antimony is poured 
onto the cone about half way to 
the center. The balls of molten 
metal will race off, down one side 
and up the other in the most 
graceful of curves. 


For heating the antimony, a 

mouth blowpipe and Bunsen 
burner will give good results. 
Temperature required, 650° C. 


Hot Stuff 

Errect: A sheet of copper or 
silver is heated to redness and 
lowered into a beaker containing 
a water clear liquid. Instead of 
cooling, the entire copper sheet 
continues to glow at a _ bright 
yellow heat and shows what ap- 
pear to be flames constantly shift- 
ing on its surface. 

Secret: The liquid at the bot- 
tom of the beaker is acetone. The 
copper sheet should be about 
four inches long for best effect. 
It should be suspended by iron 
wires from a glass rod supported 
across the mouth of the beaker. 

One end of the copper sheet is 
heated to redness and the sheet 
is immediately lowered into the 
beaker where it hangs about a 
quarter of an inch above the sur- 
face of the liquid. 


As long as the acetone vapor is 
in contact with copper — or sil- 
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ver — it continues to cause the 
metal piece to glow. Instead of 
copper, a silver coin such as a half 
dollar may be used, but it will 
be ruined during the experiment. 
The copper sheet should have a- 
bout the same thickness as a half 
dollar for best results. 


Phosphine Rings 

Errect: A glass flask is fitted 
with a delivery tube the open end 
of which is beneath the surface 
of water in a large beaker. Bub- 
bles of gas ignite when they break 
at the surface of the water and 
leave behind perfect rings of 
smoke. 


Secret: It is the less stable hy- 
drides which ignite the phosphine 
when the gas comes in contact 
with the air. A 500 ml. flask is fit- 
ted with a two hole stopper and 
two delivery tubes, one of which 
is long enough to reach under the 
surface of a large beaker half full 
of water. The far end of the tube 
should be bent so that it turns 
upward toward the surface of the 
water. 


The flask contains normal po- 
tassium hydroxide into which is 
dropped a piece of white phos- 
phorus about the size of a pea. 
Illuminating gas is permitted to 
pass through the system to drive 
out the air, then the shorter de- 
livery tube is closed off by pinch- 
ing the hose. Heat the solution to 
the boiling point. This demonstra- 


- 
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tion is most showy if the back- 
ground is a black screen. 

Caution: Do not open the gen- 
erator, because an explosion may 
occur. Instead, to shut off the ap- 
paratus, fill the beaker with water 
to shut off the heat. As the flask 
cools, water from the beaker will 
be carried in. This also avoids the 
escape of the poisonous fumes. 
Spontaneous Combustion 

Errect: A_ black powder is 
poured out of a test tube onto a 
sheet of asbestos. It takes fire im- 
mediately. Fanning with the 
hands makes more of the material 
burn. When the asbestos sheet is 
tipped there is a cascade of flame 
given off with huge quantities of 
smoke. The powder may be 


dumped on the palm of the hand 
by an experienced experimenter, 
and thrown into the air. 


Secret: Lead tartrate is put into 
a pyrex test tube fitted with a one 
holed stopper. The test tube is 
held almost horizontally and heat- 
ed until no further fumes are 
given off, and the material turns 
black. Care should be taken in 
heating to avoid spilling the pow- 
der. It tends to build up into 
heaving gas filled mounds. 

While still hot the test tube is 
corked with a solid stopper and 
allowed to cool to room tempera- 
ture. When this cool material 
comes into contact with the air it 
bursts into flame. The fumes are 
choking and neither the demon- 


stration nor the preparation should 
be attempted except outdoors or 
in an exceptionally well ventilated 
room. 

(Caution: Do not transport the 
material in anything except well 
protected tubes. A broken tube 
may result in a dangerous fire. 
Observe usual fire precautions.) 
Bouncing Putty 

Errect: The Chemagician 
makes a white mass which looks 
like putty. It can be drawn out 
into lengths, pressed together a- 
gain and rolled into a ball. If the 
ball is thrown forcibly against the 
floor it bounces, yet if it is allow- 
ed to remain in one spot it flattens 
like a peppermint wafer. 

Secret: The bouncing putty is 
made by diluting commercial 
waterglass or sodium silicate with 
a little more than its own volume 
of water. Stir for good mixture. 
This can be prepared beforehand 
or the entire lump of putty, ac- 
tually a gel, can be made during 
the demonstration. Denatured al- 
cohol is added to the silicate solu- 
tion slowly and with constant 
stirring until a heavy mass forms. 

Remove the mass and wash un- 
der running water, kneading the 
mass all the time. Wash hands 
often. The mass is elastic to quick 
forces and plastic to slow forces. 

The putty will remain good for 
several days. It should then be 
thrown out, so that it will not be 
mistaken for something edible. 
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(Caution: Use some cold cream 
on the hands after making the 
putty, to prevent chapping of 
skin. ) 

Snow Fall 

Errect: An artificial landscape 
is set-on a surface and covered 
with a bell jar or an inverted 
aquarium. After a few minutes 
snow will be seen to fall and cov- 
er the entire scene, clinging 
beautifully to the branches of the 
‘trees” and “rooftops.” 

Secret: A small electric heater, 
or an alcohol lamp or Bunsen 
burner, is hidden behind some of 
the scenery or concealed within 
a model structure. On this is 
placed a small cup with about 
a teaspoonful of benzoic acid. 
Small model houses, a mirror to 
represent a lake or stream, twigs 
and stones are arranged to give 
an artistic effect. 

At the proper moment the cur- 
rent to the heater is turned on. 
Soon the “snowflakes” will be 
found to be settling down and 
forming a beautiful snow scene. 

If the cover of the model scene 
is removed while the benzoic acid 
is being heated “snow” will fall 
all over the room. While the ben- 
zoic acid is easily cleaned up, 
most people would object to this 
as a practical joke. 

Fanning Into Color 

Errect: A white cloth flower 
is exhibited. This is fanned with 
a sheet of cardboard, or held near 
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an electric fan. The flower blush- 
es, then changes to a deep red 
color. 

Secret: The flower is dipped 
into a weak solution of fuchsin, 
then the stem is pushed through 
a sheet of cardboard. The card- 
board is inverted over a wide- 
mouth bottle containing about 
a half inch of strong ammonia. 
The flower remains suspended in 
an atmosphere of ammonia gas. 

Just before the experiment is to 
take place the flower is removed. 
When placed in an air stream the 
ammonia evaporates and the color 
change takes place. The flower 
may be passed around for exam- 
ination after all the ammonia 
fumes have been dispelled. 

Liquid to Solid 

EFFECT: 
shows several test tubes filled 
with clear liquid. He defies the 
spectator to uncork the tube and 
pour the contents into beakers. 
He also warns them that at com- 
mand the contents of the cold 
tube will get very hot. Spring 
clothes pins make good holders 
for the hot tubes, and should be 
provided. 

Secret: The test tubes contain 
a supersaturated solution of ordi- 
nary hypo made by adding as 
much hypo to boiling water as 
the water will take. The hot solu- 
tion is then poured into test tubes 
which are corked and allowed to 
cool to room temperature. For a 
quicker reaction it is well, some- 
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times, to push a single crystal of 
hypo into a slit cut in the bottom 
of the corks which are used to 
cap the tubes. 


When the cold tubes are pass- 
ed out care must be taken to 
disturb them as little as possible. 
The demonstrator then tells his 
spectators to shake the tubes at 
the given signal, hold them tightly 
so as not to spill the contents and 
keep one finger on the cork dur- 
ing the shaking process, then 
uncork and pour. Seeding the so- 
lution with the tiny crystals results 
in immediate crystallization of the 
entire contents of the tube with 
the evolution of considerable 
heat. 

The crystal state can be restor- 
ed to a liquid and the trick re- 
peated merely by heating the 
tubes in a water bath. 


Another Chameleon Liquid 

Errect: Water from a clear 
glass pitcher is poured into seven 
apparently empty glasses and 
turns into colors as it fills the 
glasses. 

Secret: The water in the pitch- 
er is prepared by addition of six 
drops of potassium hydroxide and 
24 drops of concentrated potas- 
sium ferrocyanide to each quart. 
This should leave the water clear. 


Each glass is prepared by the 
addition of a single drop of a con- 
centrated solution of the following 
chemicals. If the drops are spread 
the performer can invert the glass 


~ FLUTED 
EOGE 


LIQUIDS OF VARIOUS 
_, COLORS 


to show that it apparently is emp- 
ty and unprepared. 
Pyrogallic acid gives a_ light 
brown color 
Silver nitrate or lead nitrate 
gives “milk”, (do not use 
both) 
Ferrous 
green 
Copper sulfate gives red-brown 
Mercuric nitrate gives light yel- 
low 
Nickel nitrate gives greenish 
white 
Phenolphthalein gives scarlet. 
Get rid of glasses immediately 
after the trick because some of 
the colors are precipitates and 
will settle rapidly. For best re- 
sults, swirl glasses to get a better 
mixture. Another method is shown 
in the cut. 


sulfate gives dark 
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Display Ideas 
for Exhibits 


The presentation of your project to visitors will be aided if some 
simple but dramatic methods of display are utilized. These will not be 
original with you and you will use them simply to present more effec- 
tively the original work that you do. Joseph H. Kraus, of the Science 
Clubs of America staff and coordinator of the National Science Fair, 
describes in the following articles some ways that you can make your 
exhibit easier to view and some methods of construction that may be 


used in exhibit building. 


Getting Action into Exhibits 


» NEARLY every spectator visiting 
a science fair likes to push a but- 
ton or turn a crank just to see 
what happens. If something 
moves, and by so doing tells a 
better story than would have 
been the case had the exhibit 
been static, the exhibitor certainly 
deserves an extra round of ap- 
plause. 

Fortunately, many an exhibit is 
be:ter understood if advantage is 
taken of sequence portrayal. Also 
with some exhibits it becomes 
possible to utilize all the space 
available for proper display 
which, without some sort of device 
to bring the subject matter to the 
fore in proper order, would be- 
come a hodge-podge. 

One problem which often be- 
sets the exhibitor is the production 
of a large wheel or turntable, if 
he does not have a lathe large 
enough to turn the piece. Another 
is the construction of large pulley 
wheels. 
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If you have access to a jig-saw, 
a large wheel should offer but 
little trouble. Drive four shingle 
nails into the under side of a 
three-foot-long wooden plank, in 
such a position that the plank 
may be wired securely to the top 
of the jigsaw table, with the 
larger end projecting to the right. 
With a hand saw cut a slot for 
the blade of the jig-saw into the 
plank, then lash the plank se- 
curely to the table and bind with 
wire under the jig-saw and to the 
nails in the plank. 


Directly in line with the jig- 
saw blade drive a finishing nail 
into the plank at the desired dis- 


from the saw. This will 
determine the diameter of the 
wheel, the nail being at the center 
of the circle. 


tance 


Draw diagonals across a square 
of plywood, which is to be the 
disk. Where the lines cross drill a 
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hole just large enough to fit close- 
ly on the finishing nail. Push the 
plywood square into the operat- 
ing saw until you can just drop 
the center hole on the nail. Now 
all that needs to be done is to 
turn the square slowly. A perfect 
circle will result. 

Change of position of the cen- 
ter will enable you to cut circles 
of any diameter. For large holes 
in disks, drill a small hole near 
the desired line of cut, insert 
blade through hole, then refit into 
jig-saw and proceed as before. 
Friction Drive 


A single hole rubber stopper 
pushed on the shaft of an electric 
motor and so mounted that the 
rubber will bear against the side 
of the disk will give considerable 
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speed reduction. The smaller the § mer: 
stopper the slower the speed. If § unti 
still greater reduction is desired | and 
the first large disk can be fitted | ting 
with another rubber friction drive | cil 
at the center, which in turn is to 

bear against the edge of the turn- 

table. This part is easy. Just drill »S 
a suitable hole part way through | * 
at the center of the disk and in- | "" 
sert a rubber stopper, then use | ™ 
this rubber as the friction drive } 40z 
for the turntable. ing 


The 


Non-circular Turntable dire 







But if you still cannot make a 
large, true disk, or if you desire to 





mi 
use a triangle, square or five-sided | jj} 
display, you still can use the fric- } 5, 
tion drive. Now you should set | to 
the motor and friction wheel | ma. 
against the bottom, but as close to ] ole. 
the edge as possible for slow pra 
speeds, closer to the center for | gy. 
more rapid movement. Circular | ¢, 
type-writer erasers make good | ,o, 
friction wheels for this type of } ory; 
drive. Per 

But where you need a large } vic 
pulley or drum and cannot cut a | wit 
satisfactory circle, draw a circle | tio 
on the under side of the turntable ]| cor 
and drive nails or wooden pegs a | the 
couple of inches apart along the | “px 
drawn line. Wind the belt around } ha 
this drum. lea 

For hand driven speed reduc- | Wi 
tion you can use an ordinary spool | ter 
and crank. To center a shaft in | vo 
the spool, scrape off a line of | pa 
paint on an ordinary pencil. Im- | ele 
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merse pencil in boiling water 
until it separates. Remove lead 
and substitute with a bent knit- 
ting needle crank, then push pen- 
cil and crank into the spool for 


a friction fit. If crank is to be 
at right angles to the line of mo- 
tion use two eyelets or pulley 
wheels over which to pass the 
cord. 


Small Flashers for Exhibits 


> SMALL units similar in opera- 
tion to those used to produce 
movement in electric signs have 
dozens of applications for show- 
ing action in science fair exhibits. 
They can be employed to give 
directions of action to an exhibit— 
al, 2, 3, 4 effect—show flow of 
“materials” through a process ex- 
hibit, simulate fire or water flow, 
or illustrate the rotation of elec- 
trons or planets around a central 
mass. Similarly, the interrupted 
electrical impulses can be used to 
produce sounds, code signals, for 
example, or prescribe certain 
cycles for the operation of any 
controlled device in which first 
one thing happens, then another. 
Perhaps the simplest of all de- 
vices is a strip of metal covered 
with a sheet of perforated insula- 
tion or paint stripes. One wire is 
connected to the metal base and 
the other is attached to a metal 
“point” mounted in a wooden or 
hard rubber pen holder. The two 
leads then are connected in series 
with the supply of current, bat- 
teries or the secondary of a low 
voltage transformer, and the ap- 
paratus which is to be operated 
electrically. 
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When the rod is drawn against 
the perforated strip it completes 
the circuit whenever it touches 
the metal and interrupts it again 
when it is lifted from the metallic 
contact by the material of which 
the perforated strip is made. 

Because slight sparking may 
occur when the contact is broken 
it is advisable to make the per- 
forated strip from material which 
will not burn. Heavy paper, fiber, 
hard rubber, and many other sub- 
stances can be used. An ordinary 
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paper punch can be used to make 
the holes or these can be cut with 
a sharp knife or scissors. For 
rough usage it is best to shellac 
the insulator in place. Coat both 
metal and paper with heavy shel- 
lac, allow to become tacky, then 
stick together. 


It will be noted that with th’s 
arrangement the circuit will be 
broken slowly or rapidly, depend- 
ing on speed of movement of the 
pointed holder against the surface 
of the interrupter. Such an ar- 
rangement may be used to learn 
the radio code. In this case each 
letter is accurately cut into the 
insulating sheet, and circuit is 
completed to a buzzer; or blinker 
light for blinker practice. Letters 
may be set side by side to save 
space. 


Drum Style 

Where a motor drive is not 
suitable or where large changes in 
speed are needed quickly, the in- 
terrupting device can be in the 
form of a drum with the insulator 
wrapped around it. An ordinary 
bright tin can may be used here. 
Fit this with a drive, a crank and 
shaft for example, or a cord wrap- 
ped around one end of the can 
which then serves as one pulley 
and around a spool or other pul- 
ley attached to a crank. 


In this drum arrangement you 
can shellac the insulating strip to 
the can or hold it in place by two 
wide rubber bands. Then you 
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may replace it with another strip 
with different timing intervals. 
Disk Contactor 


A phonograph turntable makes 
an excellent unit for actuating the 
commutating disk; a metal record 
is most suited for covering with 
fiber, perforated with holes in the 
desired positions. The great ad- 
vantage of such a design is that 
many different records can be 
prepared and can be changed on 
the turntable quite as easily as 
any phonograph record. 

By an arrangement such as this 
the exhibitor can set up a box of 
lights and illustrate protons and 
electrons for many elements, to- 
gether with their probable orbits, 
as demonstrated by the lights 
flashing in circular fashion around 
the center. 





Contacts 

Excellent contacts for use 
against the drum or disk can be 
made from small brass diaper 
pins. First bend these with round- 
nosed pliers, as shown, then at- 
tach them to a strip of wood or 
hard rubber. A small nut and bolt 
will hold them in place or the 
pins may be clamped between 
two strips of wood and the wire 
connecting leads may then 
soldered directly to the pins. 


be 


It should be remembered that 
one pin should contact the drum 
all the time. In the case of the 
drum this may be located at 
either end. The preferable posi- 
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tion for this grounding pin in a 
disk-operated flashing unit is near 


the center. 


For safety, make sure that all 


Diorama Makes 


>» THE quality of any science fair 
exhibit will be enhanced greatly 
by paying attention to the selec- 
tion and treatment of the back- 
ground or “stage.” 

One of the for 
types of exhibits is the diorama. 
This gives the appearance of 
great distances within the 
fines of the space permitted for 
the exhibits. In a diorama no in- 
ternal corners are visible, which 
usually is the case when looking 
into an unprepared box. Instead, 
all corners are eliminated by the 
use of a continuous or semi-con- 
tinuous curve. 


best certain 


con- 


In such a miniature stage many 
displays take on a startling real- 
ism. Particularly is this true when 
showing natural habitat groups, 
nature scenes, models of the gi- 
gantic animals which once roam- 
ed the world, models of birds or 
planes in flight, models of ships, 
industrial plants, cross-sections of 
pond life, sub-soil activities, or 
many other kinds of models. 

The extra work involved can 
run from the essence of simplicity 
to great artistry. Let us suppose 
that your exhibit is to be set into 
a cubical box. If you cut a piece 
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circuits controlled by such a flash- 
er are of low voltage. Use second- 
ary relays wherever the flasher is 
to handle current at pressures of 
more than 24 volts. 


Display Setting 


of cardboard as wide as the box 
is tall and long enough to cover 
both sides and back, then grace- 
fully curve the cardboard into the 
box, you will eliminate the two 
rear vertical corners. 

But to be most effective you 
should also eliminate the edges 
where the cardboard meets the 
top of the box. You might also 
arrange the base or floor on a 
slant so that it establishes the line 
of the horizon, then provide some 
sort of proscenium, make use of 
lights, and paint the background 
and sky, if that is the sort of effect 
you intend io convey. 

Dome Constructions 

There are many ways to get a 
dome effect for the back of your 
exhibit. From cardboard cut a 
number of gores, resembling the 
surface of the sectors of a peeled 
and divided orange. Bisect each 
at the midpoint. Glue or tack 
these pieces side by side to the 
inside top and back wall of your 
box at the corners. This will pro- 
duce an effective rounding after 
interspaces between the card- 
board strips are covered with an 
overlay of paper pasted in place, 
then paint with thick paint. 
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More sturdy results will be had 
by securely tacking in gores of 
ordinary wire fly sceening. This 
material is soft enough to be 
molded by pressure of a round 
wooden stick or the heel of the 
palm. Strips of the same material 
may be frayed out along the 
edges and inserted to round the 
the top edges, if the same wire 
screen is also used for the back. 
Where the wire yields too much 
you can back it by a stuffing with 
excelsior. 

Now dip gauze bandage, about 
2 inches wide and a couple of feet 
long, into a thin mixture of plaster 
of Paris and water, run the strip 
between the fingers to spread out 
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the plaster and apply directly to 
the inside of the wire form. Apply 
layer on layer of this until you 
have the surface well covered, 
but not too thick, because the wire 
support is not very strong. Smooth 
any irregularities with more plas- 
ter applied with the fingers. Final 
smoothing may be done with 
sandpaper after the plaster has 
hardened. 

Use of Papier-mache 

Probably the best dome for 
transportable exhibits can be 
made from papier-mache. This is 
very easy when you have a large 
plastic ball around which to 
fashion the papier-mache. 

Or you can pile up a mound of 
sand, moisten it with water so it 
will hold its shape, then spin an 
arc cut in a wide piece of card- 
board or wood around the mound 
to produce a half sphere. But if 
none of these things is available 
you still can lick the problem by 
tying an old bedsheet loosely over 
the mouth of an ashcan, then 
mold the material on the iuside of 
the sack. 

For papier-mache, dip strings 
of newspaper or, better yet, paper 
towel into a mixture of equal 
parts by volume of ordinary kit- 
chen flour and water to which a 
teaspoonful of 5% carbolic acid 
wash or similar antiseptic solution 
has been added. Do not use 
straight carbolic acid. Casein or 
other cold water glue may be 
used instead of flour. 
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Let paper soak a while until it 
is perfectly limp, then lay the 
strips criss-cross over each other 
until you have piled up 12 or 14 
thicknesses. Let dry thoroughly, 
then cut to the desired shapes and 
sandpaper the edges. 


Cut the base for your exhibit to 
fit the curve. Front edge should 
be flush with the bottom of the 
box, back edge should be elevat- 
ed. All square or rectangular ob- 
jects—ships or other structures— 


should be built to conform to the 
perspective. Designs can be car- 
ried on to the background by 
painting on the dome. Objects in 
the sky like clouds, birds, etc., 
should be suspended from wires 
hidden by the objects. 

Make a proscenium of wood or 
cardboard, back it with lights and 
attach to your exhibit. If the lamp 
overheats any part of the display, 
drill a few ventilating holes 
through the top or use a lamp of 
lower watt rating. 


Miniature Dark Room for Exhibits 


»PHOSPHORESCENT and fluorescent 
materials to be appreciated fully 
must be seen in a perfectly dark 
room. Stroboscopic effects, some 


high frequency experiments, cer- 
tain light, photographic and X- 
ray demonstrations also show up 
best only in the dark. 


Because exhibition space is 
limited at science fairs a small 
dark “rcom” probably offers the 
best system for viewing the afore- 
mentioned exhibits. The unit here 
described needs no great con- 
struction skill, can be made quick- 
ly and is inexpensive. 

First procure from your grocer 
a well-made square wooden box 
into which the exhibit will fit. The 
maximum measurements should 
not exceed the space limitations 
for your own fair. Draw a line 
about midway across the front 
and top. Where these lines reach 
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the sides draw a connecting line, 
producing a diagonal mark. Saw 
off the corner of the box, making 
sure that there are no nails in the 
way. 

Make a sort of trap door from 
the wood thus removed. Prefer- 
ably hinge it in place. Lock it 
with a padlock or fasten with 
small hooks and screw eyes. The 
purpose of a hinged cover is to 
allow access to the interior to ar- 
range your exhibit. 

Protection 

With keyhole or fret saw cut a 
hole 4 inches wide and 2 inches 
high in the center of the sloping 
lid. Be sure to smooth the edges 
of the cut with wood rasp and 
sandpaper. Surround the opening 
on the outside with a firmly 
mounted cardboard, plastic, wood, 
metal or similar eyeshade, in- 
dented for the nose of the ob- 
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server. Make sure that the edges 
of the shade are not sharp. One 
way to protect the face of the 
spectator is to straddle the top 
edges of the eyeshade with a 
split strip of small rubber tubing. 

To split the rubber tube, clamp 
a sharp penknife at an acute an- 
gle in the jaws of a vise. Have the 
blade extend over the vise just 
far enough to enter the bore of 
the rubber tube. Make a small 
longitudinal cut in the end of the 
rubber tube, straddle cut around 
the knife blade, then pull on the 
end of the tube. This will give a 
straight split along the entire 
length of the tube. 

Line the inside of the eyeshade 
with black felt, velvet or black 


blotting paper. Make material 


wide enough so you can lap it 
slightly over the outside edge. 


Shellac or rubber cement will 
hold the lining. Apply shellac or 
rubber cement to the free edge of 
the eyeshade and to the inside of 
the rubber tube. Wait until parts 
become very tacky. You may have 
to give cloth a second coat. Then 
without stretching, snap tube into 
position, cut it to lengh to make 
a tight joint. 

In a well lighted room, prefer- 
ably out of doors, peer into your 
small dark room. Do not expect 
it to be pitch black just yet. Pay 
attention to those places where 
most of the light enters, for extra 
treatment. You can cover these 
with strips of cardboard tacked 
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into place, except at the door, or 
fill cracks with plastic wood, 
wood putty or cord packing. 
Lighting Arrangements 

Prepare your lighting arrange- 
ment. If you intend to show 
fluorescence of minerals, paints, 
and the like, you might want to 
use 2-watt argon lamps to furnish 
the “black light.” Such lamps may 
be left unfiltered, in which case 
there will be some visible light, or 
the bulbs may be placed behind 
special UV glass filters which ex- 
clude most of the visible light. 
These lamps may be left burning 
all the time because they con- 
sume little current and do not get 
hot. In this arrangement only one 
switch will be required, to turn 
the white light on and off. 

But if you intend to use regular 
UV lamps you should plan for 
either a two way switch or two 
single switches. All switches 
should be of the pressure-release 
types that is, they function only 
when the finger is applied. In no 
case should you use bell ringing 
push buttons. Filament styles of 
black light bulbs get very hot and 
have a relatively short life of 
about 60 hours. 

Cut holes for the insertion of 
switches, putting them in such a 
position that they can be manipu- 
lated easily. Line the box prefer- 
ably with black velvet, although 
black blotting paper may be sub- 
stituted. For a smooth lined effect, 
cut heavy cardboard to fit losely 
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all sides, top and bottom. Lay 
the velvet face down on your 
table, put cardboard on this, trim 
cloth on all sides about an inch 
beyond cardboard, fold over 
edges of cloth and cement to back 
of cardboard. Return cloth cover- 
ed cardboard to the dark room, 
gluing in place, if needed. 

Screw lamp sockets in place. If 
light leaks around cover apply an 
extra thickness of velvet at open- 
ing. If leaks occur around hinges, 
cover each with a cloth strip. 
Finally treat surface of box in any 
suitable fashion. 

Place operation and 
check heat produced. If things 
get too hot, drill vent holes in top 
and bottom and cover with U- 
shaped piece of tin to allow heat 


box in 


SWITCHES 


‘So 


SPECIMEN 


to escape without getting extran- 
eous light. 


Illusion Box for Automatic Changes 
>» AN 
matically change one object into 
another to give an element of 
mystery or show progression from 
one event to another. It will give 
motion to an otherwise static ex- 


ILLUSION box will auto- 


hibit. The illusion also can _be- 
come the center around which to 
arrange other visual illusions. 
With the box it becomes pos- 
sible in the same position to show 
the growth of two pots of plants, 
one with and the other without 
certain treatments, or show an in- 
sect’s wing positions in two parts 
of its movements. Similarly you 
can demonstrate protective cam- 
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ouflage on animals or insects by 
showing the scene first with and 
then without the creatures. 

The entire construction can be 
completed within a short time— 
generally less than a day. What 
you put into it, or what you in- 
tend to illustrate may take much 
longer to arrange. 

See One See Other 

The change from one to the 
other article can be instantaneous 
or gradual. You could, for ex- 
ample, show the skeletal muscles 
of some creature and have them 
gradually obliterated by the cov- 
ering skin, or you could produce 
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the change instantly, depending 
on the controls you arrange for 
the lamps. 

Essentially the device is a 
square box with a window cut in 
the front panel to occupy about 
half the area. A narrow projection 
around the window edge will 
keep out much of the extraneous 
light. This is particularly needed 
if the box is to be used in a well- 
lighted area. You can make the 
box of heavy cardboard or prefer- 
ably of wood or metal. If card- 
board is to be used you should 
provide holes for better ventila- 
tion. Size doesn’t much matter. 
You can make the article as large 
as the space permits, or make it 
quite tiny. 

Diagnally across the inside of 
the box arrange a sheet of clear 
glass, preferably only single thick- 
ness. In fact, if you can frame a 
thin clear plastic sheet in the 
space in such a way that it will 
remain perfectly plane at all times 
you will avoid double reflections. 
The thinner the sheet the better. 

Cover half of the glass with a 
dull black piece of paper and 
paint the inside of the of the box 
with black mat paint or use black 
cloth. 

In the corners place two lamp 
sockets and insert lamps to illu- 
minate your specimens. Now in- 
troduce your two objects. When 
object “A” in the diagram is il- 
luminated you will be able to see 
it right through the thin window. 
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However, when this light goes 
out and the object “B” is lighted 
its reflection will be seen in the 
glass which now acts like a mir. 
ror. You can make one take the 
place of the other or dissolve one 
into the other by gradually di- 
minishing the intensity of one 
light and increasing the brilliance 
of the other. 

Automatic Control 

With low voltage lamps and 
dry cells or storage batteries an 
automatic control for the lights 
can be made from an old alarm 
clock and a discarded electric 
bell. Mount a= spring contact 
against one of the larger wheels 
of the clock mechanism. This con- 
tact should be insulated from the 
works of the clock. Either fasten 
it to a block of wood or wrap it 
with tape first where it is to be 
attached to the frame. 

This contact then serves to 
make and break the circuit to one 
of the lamps and also to supply 
current only to the magnets of the 
bell. To do this you must trace 
the wiring of the bell and make 
sure that the final connections are 
made as shown. This may mean 
disconnecting one of the leads 
either from a post or from the 
interrupter, depending on_ the 
construction of the bell. 


The circuit to the second lamp 
is completed through the inter- 
rupter contact of the bell and the 
spring contact of the movable 
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armature. The bell now substi- 
tutes for a relay. 

To produce a dissolving effect 
a circular rheostat should be ob- 
tained and the leads to the lamps 
should be taken off at diagonally 
opposite points on the rheostat. 
As you rotate the contact more 
current will be fed to one lamp 
while the other will be dimmed. 
Rotation can be done by a small 
motor geared to low speed. 


Remember that if you hope to 
use current from a 110 volt source 
you must substitute contactors 
and relays designed for that pur- 
pose. Do not use the electric bell 
type of relay on 110 volt circuits. 
It will get very hot. 

Follow the Electrical Safety 
Rules for Science Fairs, given on 
page 15, in setting up any 


}.-OBJECT A 


BLACK 
, PAPER 


SPRING 
; CONTACT 


INTERRUPTER~ «9 
exhibit requiring electric wiring. 
Many interesting effects may be 
contrived with clever “stage set- 
tings” and trick lighting. 


Freeze Motion With Stroboscope 


» FLICKERING lights, while annoy- 
ing when you are trying to read, 
give scientists one of the most 
valuable research tools, when the 
flicker is controlled precisely. 


Illuminated by such strobo- 
scopic light, water dropping from a 
faucet or glass tube can be made 
to stand still in mid air, or can be 
made to appear to run up hill. 
Rapidly moving toothed or spok- 
ed wheels seem to move slowly, 
stop or reverse—something similar 
often happens in movies. Me- 
chanics and engineers can study 
behavior of valves of a gas or 
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steam engine at any position in 
their rapid action. The motion of 
the wings of birds or insects may 
be frozen; changes in speeds of a 
bouncing ball or swinging pendu- 
lum may be photographed for 
study. Even the hair-like cilia and 
flagella of micro-organisms may 
be slowed down so you can see 
how they function, when illumin- 
ated by interrupted light. 

These few suggestions give 
student scientists plenty of back- 
ground against which to dream 
up a vast array of different 
Science Fair exhibits, either of the 


65 





ADJUSTABLE 
7 PINCH COCK 


GLASS TIP 
SLITS 


demonstration or photographic 
type. Considerable variation of 
equipment is possible so that your 
exhibit can be different. 


To freeze action so it can be 
observed, your light must flash 
on at exactly the right instant to 
illuminate that part of the action 
you wish to see. If the motion to 
be observed is at a constant speed, 
then the light must flash at a con- 
stant speed. If the motion to be 
observed is at a variable speed, 
then the light should be regulated 
by the motion to be observed so 
that it flashes at the same variable 
speed. 

Many further modifications are 
possible, which you will discover 
after you start to play with this 
sort of exhibit for your Science 
Fair. 
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Rotating Shutter 

While it is possible to interrupt 
current to an incandescent lamp 
fast enough to stop relatively slow 
motion, it takes too long for the 
filament to get hot and cool of 
again when working at high 
speeds. Therefore it is better to 
use non-filament lamps or a shut- 
ter arrangement. Direct current 
should be used, except for special 
applications where AC is suitable, 
if you want to avoid frequent 


blanks. 


One of the easiest constructions 
is to mount a 32 candlepower 
auto headlamp bulb in its socket 
in the bottom of a bright tin can. 
If you have a storage battery, 
both filaments can be supplied 
with current for greater light in- 


tensity. Still brighter light will be 
given if you burn the bulbs at 
overload voltage, say 8 to 9 volts. 
However this decreases life of the 
bulb to only an hour or so. 

Cut a sharp slit in the cover or 
closed end of the can. The size of 
this is best determined by experi- 
ment, the smaller it is the more 
sharply defined will be the pic- 
ture. Directly in front of the slit 
mount a disk attached to the shaft 
of a small toy motor. A slit in this 
disk should match exactly the one 
in the can. Paint outside of can 
and disk a dull black’ to minimize 
reflections. Connect the motor 
with a rheostat for the control of 
speed, as shown. You can get 
rheostats from surplus radio parts 
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dealers. You are now ready for from the top or bend over a lip. 
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1 off For the standing drop We sie” light by changing the motor speed. 
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am through a small nozzle at constant ontrol round drops of water will 
shut- | Pressure. fn eoay way to oo this remain standing in air, or you can 
rrent | § to fit to a rubber hose a medi- onsen Cietk te ie ee 
yecial | CME dropper or quarter inch glass tom up into the spout, apparently. 
table, tubing drawn on see thin end. Remember that if you plan to 
quent Set rubber hose into an elevated use the standing drop experiment 
can and start the syphon, then in your Science Fair exhibit you 
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around the hose until water breaks 
yower od for collecting the water and 
ocd into drops. returning it to the top again 
n can} For constant pressure, punch a automatically, because most ex- 
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vill be Snap Fasteners for Bearings 
Ibs at} > In THE design and construction a small bottle of acetone, photo- 
) volts. | of all sorts of science fair exhibits, graphic film from which the emul- 
of the large snap fasteners will give sur- sion has been washed. Cut the 
prisingly good service where parts dry film into thin strips and drop 
ver Or} are to be connected rigidly to- into the bottle. Let stand a day or 
size of} gether yet allow for speedy knock- two. As a substitute for acetone 
experi: | down. The fasteners also will make you may try some of the finger- 
> more} accurate, free-moving bearings for nail polish removers. Some of the 
1e pic-| cardboard, fiber or thin wooden non-oily liquids will work. 
the slit] constructions, furnish universal 
e shaft] joints for models, or make good Fasteners can be sewed to the 
in this} substitutes for pin jacks in elec- Parts with needle and _ thread, 
the one] trical circuits. cord, thin wire, nailed with small 
of can] Securing the parts in position brads, riveted or soldered, de- 
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‘an get}|cement is not available you can The centers of fastener position 
io parts} make your own by dissolving, in can be located with extreme ac- 
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curacy with some of them. They 
have a pinhole punched through 
there. Thread fastener on a needle, 
then locate needle on the desired 
spot on the model. Apply cement 
and slide fastener along needle to 
desired location. 


Mechanical Motions 

Assume you intend to construct 
an exhibit board detailing some 
of the many forms of mechanical 
motions. To show mechanical ad- 
vantages it is desirable that the 
parts move. Lever devices cut 
from any thin stock may be fitted 
with snap fasteners to serve as 
pivots or bearings. Such parts may 
be kept in motion for years with- 
out showing appreciable wear. 
Any part or bearing can be re- 
placed in a matter of minutes. 


Or if you want to illustrate the 
forces which act on any of the 
girders in a bridge construction 
you can use fasteners at those 
spots where movement is expect- 
ed. Usually spring balances are 
employed to demonstrate the 
stresses. Round or flat elastic 
makes a good substitute. Fasten 
a cardboard index needle to that 
end of the elastic which will 
move. Put a graduated cardboard 
scale behind the needle. 

For long rigid constructions 
where it is desirable to produce 
a knock-down unit for easy trans- 
portation, you can apply two or 
three fasteners to the interlinking 
pieces. The same method will per- 
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mit you to add a rigid arm to a 
lever, wheel or gear yet permit its 
replacement or allow it to be 
shifted to different spots on the 
model. A similar arrangement can 
be set up for replacement of cams 
of different shapes on an experi- 
mental model. 

To demonstrate gear devices 
you can cut teeth on the periph- 
ery of your cardboard or wooden 
wheels or cement corrugated 
cardboard strips against the edges, 
Make sure that the corrugations 
match where the strip joins. Use 
the snap fasteners as bearings to 
illustrate, for example, the mech- 
anical advantages of gear trains, 
stop and reverse motion, and the 
like. 

To illustrate how well snap fast- 
eners serve as bearings, you can 
make a simple reaction steam 
turbine. Along the equator of a 
metal ball punch small holes. Use 
a sharpened ice pick for the holes 
and a bath toilet flush tank float 
as the ball. With the ice pick 
bend the orifices in one direction 
along the line of the equator. 

Solder one part of the snap fast- 
ener to the base of the ball and the 
other half to the end of a metal 
rod, or wire this securely to the 
end of a wooden dowel. Sub- 
merge the ball in hot water until 
it is not quite half full. Then snap 
the ball onto the rod. Mount the 
rod so that the ball either hangs 
or is supported on the end; the 
latter position is shown. Apply 
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heat from burner to the metal 
sides of the ball. 
Make Universal Joints 

Universal joints with slight flex- 
ibility can be made from large 
fatteners by cutting two notches 
and two tabs in each in shoulder, 
as shown. Flexibility can be in- 
creased by loosening the fasteners 
before cutting the tabs. 

Interconnections on printed 
wire circuits can be changed 
quick by attaching snap fasteners 
to the ends of the printed lines. 
Solder the other halves of the fast- 
eners to short lengths of wire and 
juggle your connections as you 
desire. 

This system permits you to 
make many different styles of test- 
ing devices on heavy cardboard, 
all of which may be filed away 
in a standard letter file. Or make 
a loose-leaf book with each indi- 
vidual page specified for a certain 
test and with meters, tubes and 
the like attached to the covers. 
The field for either style of exhib- 


CARDBOARD ETC = 


COPPER 
GLOBE \ ; 


FLEXIBLE 
oe 2 





it, file cards or loose-leaf book, 
is wide open for your ingenuity 
and should make good science 
fair material. 

One word of caution. Do not 
force apart the halves of the fast- 
eners. Instead, insert a small knife 
between the halves and twist to 
separate, to prevent breaking at- 
tachment to wood or cardboard. 


Sealed Miniature Worlds 


> Microcosms, miniature sealed 
worlds” in which plants and/or 
animals live out their life spans, 
are fascinating things with which 
to experiment and display as Sci- 
ence Fair exhibits. 

Requiring no other attention 
except exposure to light and 
healthful temperatures, when 
mce set up the units will strike 
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a balance after which no further 
great changes take place. Perhaps 
one plant will strangle another, or 
one will grow faster than the next, 
or a leaf will die to be replaced 
by another, but the microcosm 
finally settles down to a thing of 
harmonious beauty. 

Easiest to establish are micro- 
cosms given over to the growth 
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SEALED 
JAR 


of plants, either land or water 
varieties. The containers which 
are to form the worlds in which 
these things will continue to live 
should be selected with some care. 
It is perfectly possible to establish 
plants in home preserve jars, but 
this kind of glass generally has 
too many waves and striations to 
give a good view of the effect. 
Seek out suitable containers 
from your stock at home or labo- 
ratory. Specimen jars make suit- 
abel worlds. In fact, the tall types 
can be converted into lamps by 
attaching a lamp socket and shade 
to the lid-clamp of the jar. Then 
the light from the lamp will sub- 
stitute for the sun needed by the 
plant life. Other suitable contain- 
ers can be: inverted, perfectly 
round fish globe, broken-necked 
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chemical flasks, cut incandescent 
bulbs, discarded electron or TY 
tubes from which the phosphor 
has been removed, and many 
others. 


Prepare a suitable soil for the 
plants by mixing equal parts of 
garden loam, sharp building sand 
and leaf mold. The latter may be 
obtained from any woodland by 
scraping away the top surface of 
leaves and gathering the black 
substance beneath. Let dry thor- 
oughly, then run through a med- 
ium sieve to eliminate insects 
which may prove injurious. 

Spread the mixture on metal 
sheets and heat in the kitchen 
range to 250 degrees Fahrenheit 
to sterilize the soil. Let cool. Add 
enough water to prevent dusting 
then drop soil into your container, 
preferably through a paper tube 


to lessen dirt spatter on the side 
walls. 


Plant Small Things 

Be careful in your selection of 
plants or seeds to make sure you }, 
get types which do not grow tall- }), 
er than the container allows. If}; 
plants are to be used, select some }; 
similar to those which 
exhibit. 

Remove plants from pots, shake |: 
off soil, wash roots, by swishing 
through a couple of changes of}! 
water in a pail, remove dead | 


leaves and be particularly circum- }hin; 


spect in your examination for 
diseases or pests. Grip stem and |; 
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florists }.,,,; 









rot of plant between two flat 
sticks and push roots well into 
oil. Then hold plant with one 
tick while you spread roots with 
the other. If you cannot reach the 
ide walls because of a small 
neck, you can make suitable 
slanting tools from discarded 
wat hanger wires. Strike the ends 
with a hammer to flatten, if need 
be, then bend to reach desired 
pots. Lay some moss gathered 
fom trees or woods on the sur- 
face to give a green “lawn”. 
Apply water to the soil through 
, tube. If side walls of the glass 
have been muddied, direct the 
hose against the walls. Be careful 
not to water too much for this 
will result in constant, heavy con- 
lensation on the side walls. If you 
lip on this detail, hang a strip of 
cardboard four or five inches long 
lown into the mouth of the con- 
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> Tue splendor of the heavens 
can be imitated when mechanical- 
ly projected on the inside of a 
lome-shaped area _ representing 
the sky. In a planetarium this is 
juite complicated because the 
movement of the planets across 
the skies must be indicated. Leave 
ut the planets, and the problem 
becomes more simple. You can 
construct, then, a star-dome com- 
dination called a stellarium. 

Some of the ideas in such a 
onstruction can be adapted to 
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tainer. This will stimulate air cir- 
culation and tend to dry the soil. 

Let the things grow for 2 or 3 
weeks, then preferably on a 
bright morning, seal the container 
tightly. Give plants sunshine 
daily. There is your microcosm 
with its contained rain, food and 
plant growth. 

Plants may be grown in odd 
and unusual containers by con- 
veying the seeds into the glass 
with the water. In this way the 
seeds will remain close to the sur- 
face instead of being buried at 
the bottom, which would be the 
case if they were introduced with 
the soil. 

In each case, the soil require- 
ments of the living plant should 
be examined. For cacti use more 
sand or add small stones. Also 
a small quantity of lime and bone 
meal will do no harm here. Water 
should be added sparingly. 


Making a Star Projector 


other uses in exhibits and dis- 
plays. 

The construction of the projec- 
tor itself can be quite simple. 
However, the proper locations of 
the stars will take time and exact- 
ing devotion to the task if the 
finished instrument is to be used 
for instruction. The dome may be 
small or large. Many different 
thoughts will come to the minds 
of student scientists: Valuable 
contributions can be made in the 
increased use of such projectors 
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in the home, school or scicnce 
club laboratory. 
Experiment First 


Many methods for making the 
projector may be devised. Tin 
cans may be used. One easy way 
is to dip a 500 to 1,000 cc flask 
into a can of black auto lacquer, 
If you must shake the can or stir 
the contents be sure to wait un- 
til all bubbles have vanished from 
the surface of the paint before 
you dip the flask, otlicrwise you 
may find yourself projecting a lot 
of stars which do not exist. Let 
lacquer dry thoroughly, then dip 
again. 

To mount the socket for the 
bulb, drill a quarter inch diame- 
ter hole partly into a cork which 
will fit snugly the mouth of the 
flask. Use an ordinary drill with 
cutting edges dulled slightly by 
rubbing with a  carborundum 
stone; turn drill slowly. Or use a 
cork borer. Insert a length of 
quarter inch wooden dowel into 
the cork. Make dowel long e- 
nough so that, when a socket is 
affixed to the end, the filament of 
the bulb inserted into it will come 
as close to the center of the flask 
as possible. This position is de- 
temined easily by measurement. 

The socket is a Christmas tree 
series-light-chain replacement 
unit, available from the ten-cent 
store. Or you can use a good 
socket from an otherwise useless 
series chain. If the surrounding 
plastic shell is too large to permit 


easy entrance through the mouth 
of the flask, or likely to cast a 
disturbing shadow, put socket on 
a hard surface and strike lightly 
with a hammer to break the shell, 
Do not damage the metal parts 

Attach the socket to the top of 
the dowel by whittling away a bit 
of the wood at the end for pas. 
sage of the socket’s center con 
necting wire. Adhesive tape wil] 
hold the socket securely; wrap 
tape around pigtails of socket. 
Twist two longer flexible wires 
to the bared ends of the pigtail 
and cover each with tape. File 
grooves in the cork for passage 
of the wires. 

The bulb should have a small 
straight filament. Non-lens_ types 
of 114 volt flashlight bulbs are 
good. Some 6-volt bulbs work well 
also. You will need to try several 
for best results. Current can be 
obtained from dry cells or toy and 
bell-ringing transformers. If volt: 
age is too high, use rheostat for 
further regulation. 

Stars are produced by scraping 
tools made by breaking heay 
sewing or darning needles to dif- 
ferent thicknesses, about as fol: 
lows: Select four needles of the 
same size. With pliers break of 
the very point from one needle 
Break another through its thick 
shank. Then select a different spot 
on the taper leading to the point 
of each of the other two needle 
and break, thus to give four thick 
nesses, each to correspond with 
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stars of relative brightness. On a 
hard carborundum stone or emery 
doth grind broken ends to a very 
jight point; then grind sides to 
produce a chisel end on each 
needle. Points prevent slippage, 
chisel edge serves as the scraping 
face. 

Set each needle into a suitable 
handle. Use pen holder or the 
rubber end of a pencil, pushing 
needle into the rubber with pliers. 
Best is a jeweler’s small, clutch- 
type screw driver. 


Making Stars 

Turn on the light inside the 
flask. Make sure it shows black 
all over, and no light escapes. Any 
pinhole spots can be corrected 
with dabs of paint. With a star 


map or illustration before you, set 
point of a needle approximately 
at the very bottom of the flask 
for North Star position. Twist tool 
between the fingers to 
away the lacquer. Approximate 
in the same manner the other 
stars of Ursa Minor, the Little 
Dipper. Don’t worry if tiis is not 
exact just yet. 

Darken the recom and see how 
the projection looks. If stars ap- 
pear like crescent 
bulb is not the correct 
change for a shorter, straighter 
filament type. Note particularly if 
stars are in correct arrangement 
or if projected in reverse order. 
If the latter is the case, you will 
have to correct them on the flask. 
Make a few tests like these to es- 


scrape 
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tablish technique, then cover all 
cleared spots with dabs of lac- 
quer. 

Cut a template of stiff card- 
board to fit closely the side of the 
flask. Mark off the template in 
ten-degree units. Set cardboard 
against the flask and use a guide 
for marking on the surface with a 
white fingernail pencil dipped in 
water. Circular marks are easy 
if the flask is rotated while the 
pencil is held against it. 

Use a star map or other guide 
so that you can locate the stars 
properly. You can mark with the 
wet fingernail pencil, then use the 
needles for puncturing the lac- 
quer coating. 

Attach the cork to the hinged, 
weighted base. Arrange a suitable 
stop so that the angles may be 
varied. 
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Best surface against which to 
project is a dome. You can design 
an umbrella-like construction or 
use cardboard strips pivoted at 
the center and spread fanwise. 
Or use a wire and plaster of Paris 
dome similar to those constructed 
for dioramas. 


Making Molded Displays 


> A COMPLETE series of papier- 
mache or clay models of succes- 
sive stages of any event, for 
example, showing mitosis in a 
cell, twig or leaf growth, or how 
a single cell develops to the mor- 
ula or gastrula stage, can be made 
speedily and economically using 
only one mold instead of many. 
The trick is to do the casting 
in reverse, filling in and oblitera- 
ting the marks of the major mold 
instead of making molds for each 
stage. Hundreds of molds of dif- 
ferent sequences can be made in 
this way, the two cited above 
being chosen merely as examples. 
The usual method is to make a 
separate mold of each stage from 
modeling clay, plaster or other 
material; cast a mold for each 
stage; then fashion the papier- 
mache or plaster and finally paint 
to suit. While this method is well 
suited to commercial production, 
it represents a lot of molds which 
become useless after the first se- 
quence is made, if only a single 
exhibit is required. 
In the simplified procedure, one 
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To get motion, rotate the pro- J of th 
jector by hand. Or couple witha } ind s 
toy motor, or pulleys and hand J hall, 7 
crank, but be sure that the cou- J ¢r to 
pling will allow you to tilt the [the sr 
unit so that you can see those ] sppea 
stars which our neighbors down | sage 
south are viewing nightly. 4 sh: 
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smoot 
Pus 
of the later stages is modeled, } sttacl 
then the marks are obliterated to | Caref 
arrive at an earlier stage in the | {rom 
sequence. Thus the mold is doc- } that 
tored up and made smaller as the | ches: 
work progresses. sided 
Start With Last Stage than 
To make one of the examples |‘ -_ 
given, you should start with the Mi 
morula or mulberry stage, prefer- }°° th 
ably first fashioned from model- and 
ing clay. An easy way is as fol- a 
lows: bles 
Roll a piece of clay to form a | diffe 
solid cylinder about an inch in J any 
diameter, depending on _ how |The: 
large you want to make your mod- | mat< 
el. Cut off the end, then cut the | hou 
clay into equal lengths, each an] Ww 
inch long. Roll each portion be- | cou 
tween the palms of your hands | the - 
into a ball, then put aside. plas 
Work another batch of clay in- }of s 
to a ball about six inches in ]of t 
diameter. Now you can cut this in }of p 
half, if you propose to make only {Let 
half models suitable for back- [ther 
board or table display, or work |mov 
with the complete ball. Cut each | ess 
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of the inch-small balls in half 
and slap them against the large 
ball, pressing one against the oth- 
er to distort slightly the sides of 
the smaller balls. They will then 
appear as in the typical mulberry 
tage so often seen in your studies. 
{ sharpened wooden stick and 
ome pellets of wet cotton will 
mooth any defects. 

Push a nail to which a string is 
ittached well into the clay model. 
Carefully suspend it by the string 
fom some overhead support so 
that it will hang about two in- 
ches from the bottom of a straight- 
sided, well greased pot, larger 
than the model itself by at least 
, couple of inches all around. 

Mix plaster of Paris with water 


to the consistency of thick cream 
ind pour into the pot until it 
comes to the halfway position of 
the clay model. Push four mar- 
bles to half their depths into four 
lifferent positions in the plaster, 


ny place outside the model. 
These will become the keys for 
matching the halves of the form, 
should this be needed. 

When the plaster has had a 
couple of hours to dry, remove 
the marbles. Coat all the exposed 
plaster with several applications 
ff soap suds, then cover the rest 
of the model with another batch 
f plaster, just as you did at first. 
Let it dry for a couple of days, 
then separate the halves and re- 
move the clay, piecemeal, if ne- 
cessary. 
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Depending on the depth of the 
under-cuts, the mold must some- 
times be cut into three or more 
segments. This may be done with 
a saw or by laying cutting wires 
on the model itself and pulling 
through while plaster still is soft 
enough to cut. 


Papier-Mache 


Cover the inside of the dry 
plaster form with moist tissue 
paper. (Toilet or face tissue will 
do.) This is to prevent the papier- 
mache from sticking to the walls. 
Tear newspaper into one-inch- 
wide strips about five inches long. 
Soak several pieces in water, then 
remove, place them on a large 
newspaper sheet and brush one 
side of the wet strips with a paste 
made from flour and water, or 
use cold water glue made as di- 
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rected on the package. Lay strips 
criss-cross into the form, glue 
side down, and press well into all 
crevices. Continue until you have 
built up a wall of paper about a 
quarter-inch thick. Repeat with 
the other half-model, if desired. 
When dry remove the model. 
Sand edges and glue the halves 
together if this is the plan for the 
exhibit. 

With this stage complete, look 
inside the mold. You will find 
that you need to remove some 
of the ridges. This can be done 
by scraping them out with im- 
provised tools, a grapefruit knife, 


for example. Or some parts 
need to be filled in to produce the 
later gastrula stage, for example 
or the smaller earlier stage of few. 
er cells. 
Filling may be done with pk 

ter of Paris to which a small quam 
tity of cold water glue has beeq 


added. The glue keeps the plaster i 


soft longer and permits workin 
with a pasty mass instead of 
hard surface. The glue repair je 
may take a day to dry. Thus, 
repeated filling in, recarving 
fashioning, you will reach 
earliest, single cell stage. The 
throw away the mold. It 
served its purpose. 


Sympathetic Inks 


> Marks made with sympathetic 
inks are colorless until the action 
of heat or some chemical produces 
a change, making them legible. 

1. Write with a weak solution 
of ferric sulfate. When the paper 
is dry, wash it over with a solu- 
tion of sodium or potassium fer- 
rocyanide. The writing will turn 
blue because ferric ferrocyanide 
(Prusian Blue) is formed. 

2. Use some of the same solution 
of ferric sulfate, but wash with a 
solution of tannic acid. The iron 
tannate thus formed will make the 
writing black. 

3. Gold trichloride solution can 
be used as a sympathetic ink and 
developed with stannous chloride 
solution to produce the beautiful 
“purple of Cassius”. 
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4. Cobalt chloride is blue when 
anhydrous but pink in solution. 
This is the salt used in making 
“weather indicators”. Heating 
turns the marks made with such a 
solution blue. Cooling in a moist 
atmosphere makes them pale pink 
again. This color change may be 
repeated a number of times if care 
is taken not to overheat. 


5. Copper chloride solution will 
give marks which are invisible un- 
til heated, when they will tun 
yellow-green. Paint a picture with 
ordinary brown pigment show- 
ing trees with bare branches, 
then paint the leaves with copper 
chloride solution. Warming. the 
paper will make your picture 
come out in spring foliage. 
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> Camera! Sounp! TV comes to the fair in order that thousands who 
an not attend may see the exhibits and hear about them. Still photo- 
grapis, both color and black and white, amateur movies record the 


show, too. Picture records help suggest projects in subsequent years. 


Putting on a Show 


> Ir your CLUB, class or school 
plans to produce a play for any 
xcasion, it is important that cer- 
tain details be followed if you 
expect success. 

All types of plays may use 
scientific properties. Even the 
simplest skit may be embellished 
vith one or more of the stage 
eects described in this book. 
You may select a play which 
omes to you in finished form — 
possibly one which has had a 
successful run on Broadway. At 
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the other extreme, you may de- 
cide to write your own. Or you 
may adapt ideas from other 
sources to your own local condi- 
tions. A high school group will 
often find this the most satisfac- 
tory plan, for they can work in 
timely references and local jokes. 
This article is designed to offer 
helpful suggestions in working 
up such a show. There is plenty 
of local talent among your own 
group, if you strike the spark of 
enthusiasm to kindle it. 
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If you plan to work up your 
own show, call a discussion meet- 
ing of all who are interested. If 
any members of the group al- 
ready have definite ideas in mind, 
they may be asked ahead of time 
to write them out in rough draft 
and bring them to the meeting. 

In the discussion, someone usu- 
ally speaks up and offers a certain 
episode as good material. Some- 
one else adds to it. The director 
may then ask if these people 
would like to work it up in the 
form to be used. Usually they 
would, and there is one act the 
director can count on. 

Others will follow. Soon the 
need will be for cutting, to keep 
the best parts but stay within the 
time limit for the show. 

Perhaps the most difficult type 
of play to direct is the musical 
comedy. It calls for many assist- 
ants, stage scenery, costumes, 
good musical voices, an orchestra, 
dance routines, and a large cast. 

Most of this large group of 
people are all too likely to horse 
around during rehearsals while 
the director is working with the 
principals of the cast. 

Somewhat easier to produce, 
and more encouraging to the cast, 
because so many play leading 
roles, is the old fashioned vaude- 
ville show. Here the principals 
work singly or as small teams. 
Each act uses the talents of the 
individuals for the parts to which 
they are best suited. 
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Use can be made of good 
dancers, musicians, gym teams 
and amateur magicians, as well 
as dramatic talent and natural 
comedians. The director should 
try for a well rounded perform. 
ance, with a little bit of every. 
thing. 

Each of the acts should rehearse 
independently. The director will 
then bring together two or three 
groups at a time, to cue the tran. 
sitions from one act to the nett. 
He will not call up the entire cast, 
perhaps, until the final rehearsal. 
This stimulates interest and a 
feeling of suspense among the 
cast, who will not feel that the 
show is an old story by opening 
night. 

Assume that the decision has 
been made to give some sort of 
performance. The director is 
chosen for natural aptitude plus 
a certain amount of previous ex- 
perience in dramatic production. 
From that moment, it is up to him 
(or her) to see that parts are 
assigned to those best fitted for 
them and to plan the production 
of a satisfactory performance. 
Casting 

Those who have good singing 
voices are singled out, if the 
performance is to contain song 
Those with knowledge of chemi 
cal procedures are selected if the 
performance is to be a chemical 
demonstration. Those without an) 
particular abilities for the leading 
roles are sent scurrying for prop 
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and materials to be used in the 
play, or are set to work making 
posters, selling tickets, making 
scenery, or are assigned duties in 
gene shifting. Work can always 
be found for the whole crowd, 
no matter how many there are. 

Many factors enter into choos- 
ing the person for the part. Good 
health and good marks are both 
valuable attributes for the leading 
character. It is mighty sad when 
the best voice, the most charming 
girl, the most brilliant student or 
the cleverest wit is given a minor 
part in the play because of poor 
attendance or low classroom 
grades. 

Yet, when the whole perform- 
ance depends upon the presence 
of the star, the director must be 
sure that the pupil who takes that 
part can be depended upon to be 
there and to carry the role. 

So, consider scholastic attain- 
ments and a record of steady 
attendance in addition to your 
evaluation of the student's ability 
to play the part. But personal 
likes and dislikes, social position 
and parental influence should be 
completely eliminated. 

A good director will assume 
command immediately. He should 
be willing, of course, to accept 
criticism and suggestions, but 
these must not be allowed to 
interrupt rehearsals. Several as- 
sistants or volunteers should be 
spotted in different parts of the 
hall where rehearsals are taking 
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place, each provided with pad 
and pencil to jot down places 
where improvements can be 
made. A conference after rehears- 
al can decide how these sug- 
gestions can best be utilized. 
The Stage Crew 

If scene shifts are to be made, 
pay particular attention to those 
responsible for the stage changes. 
These teams must be fast and 
accurate. Plan staging so that 
turns requiring simple settings 
are in front of a drop while 
scenery is being shifted behind it. 

The stage crew will work stock- 
ing-footed, and often in poor 
light. Their part needs as careful 
rehearsing, often, as that of the 
players seen by the audience. Let 
them work with the cast during 
rehearsals. Their cooperation in 
arranging stage effects may well 
be vital to the play. 


While “prima donna” tactics 
may perhaps be condoned from 
an outstanding star, amateur per- 
formances cannot tolerate clash 
of personalities. Just as every link 


is necessary for fashioning a 
chain, so everyone’s part is essen- 
tial to the whole performance. 
After all, the play’s the thing. 
Nothing should be allowed to 
interfere with its successful com- 
pletion. 
Rehearsals and Staging 

At the first rehearsal, parts are 
given to the players. They are 
stationed on the stage, with chairs 
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and other props (or substitutes 
for them) in approximate posi- 
tions they will occupy at the 
performance. 

Each player reads his or her 
part, and goes through the funda- 
mental action. It will be slow and 
monotonous, so break it up into 
several portions. 

It is important that the director 
instruct the players properly at 
the first rehearsal. Don’t permit 
any player to memorize a_ part 
until after the first rehearsal. 
There is no sense in letting a 
player memorize a part only to 
discover that the inflections, ac- 
tions, tone of voice, and other 
necessary details will have to be 
unlearned again. If you start 
right, your plays will fall into 


final form, and only last minute 

polishing will be required. 
Polish should be completed in 

the last two or 


three rehearsals 
with the entire cast, orchestra 
and lights. Dress rehearsal with 
complete costumes and make-up 
takes place the day before the 
performance. 
Center of Action 

Unless you are staging a three- 
ring circus, only one action should 
be underway at any one time. A 
player should let his actions come 
naturally, yet he must always 
consider the audience. Except on 
very rare occasions, and for a 
good reason, no player ever 
turns his back on the audience. 

Hand motions can be modified 
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so that the hand away from the 
audience is the one which is jy 
motion. This is a good general 
rule, but it should not be carried 
too far. A right-handed person 
makes poor use of his left hand 
for example, to shoot a pistol o 
crack a whip. 

If the object which is to be 
manipulated is to be seen by the 
audience, the actor should stand 
with his right side toward the 
audience. If there is to be sudden, 
concealed action, the left side is 
toward the audience. In either 
case, the object is held in the 
right hand. 


Sound 

Few things will unnerve an 
audience as much as words that 
cannot be understood, either be- 
cause they are not spoken loud 
enough to be heard or because 
the subject matter is beyond the 
grasp of the audience. 

Even a stage whisper must be 
heard by the person farthest from 
the performer. One fact, often lost 
sight of, is that the voice sounds 
louder in an empty auditorium 
during rehearsal than when the 
same space is full of people on 
opening night. 

Then there are always disturb- 
ing influences in the audience, 
coughing, shuffling feet, squeak 
ing seats and the like. The player 
must speak loud enough to make 
it easy to be heard. 

If you are to have a micro 
phone to amplify the sounds you 
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utter, it should be so placed that 
it will not hide your face. Do not 
talk directly into it, for it is sensi- 
tive enough to pick up the sounds 
of inrushing air as you take a 
breath, and transmit blasts and 
hisses as air escapes from your 
mouth. 
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You should be able to speak 

naturally near the microphone, 
and your voice should sound 
normal to the audience. When 
speaking, don’t rove from the 
nstrument unless the stage is set 
to pickup sounds from all quar- 
ters. Stay within arm’s length, and 
the control operator can adjust to 
gin the proper amplification 
without booming. 
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Chemical Manipulation 

It will be conceded that a stage 
show needs rehearsal. Also a 
leight-of-hand performance. 

A program of chemical tricks 
needs rehearsal even more. The 
erator must be thoroughly 
familiar with the experiment he is 
performing, and his every motion 
must be smooth and sure. If he 
becomes rattled, there is real dan- 
ser of an accident, and no 
hemical manipulation, even as 
imple a one as striking a match, 
s without some hazard. 
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Just as a good cook never ex- 
periments when there is company 
ior dinner, but sticks to a menu 
f her frequently-tried specialties 
vhich always turn out right, the 
hemical magician will put into 
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his repertory only the tricks he is 
sure of. 

There is something about the 
excitement of watching an experi- 
ment that makes the audience 
perversely want it to fail. Perhaps 
the people out front subconscious- 
ly resent the implication that the 
man on the knows 
than they do. 


stage more 

Whatever the reason, this at- 
titude can often be felt by the 
experimenter. It creates one more 
reason for him to work carefully 
and rehearse again and again. 

Although the tricks and effects 
given in these articles are stan- 
dard recipes that have been used 
many times, readers cannot be too 
strongly reminded that fire is hot, 
broken glass is sharp, and react- 
ing chemicals are not to be han- 
dled carelessly. 

Study your set-up including not 
only stage but auditorium and 
exit facilities, for fire hazards. 
Stay not only within the letter 
of your local law but away from 
every possibility of serious trou- 
ble. Better a dull show than a 
regrettable accident. 

Use no more of the chemicals 
than the directions call for. Han- 
dle them carefully. Don’t try any 
practical jokes with them. Don't 
try to put on an elaborate show, 
with rapid-fire timing, until you 
have familiarized yourself with 
the techniques of much simpler 
demonstrations. 
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The Chemical History of a Candle 


A Course of Six Lectures on the 
Chemical History of a Candle, by 
Michael Faraday .. . delivered be- 
fore a juvenile auditory at the 
Royal Institution of Great Britain 
during the Christmas holidays of 
1860-61. Edited by William 
Crookes. Harper Bros., New York 
and London, 1903. 


> Now, as to the light of the can- 
dle—We will light one or two, and 
set them at work in the perform- 
ance of their proper functions. 
You observe a candle as a very 
different thing from a lamp. With 
a lamp you take a little oil, fill 
your vessel, put in a little moss or 
some cotton prepared by artificial 
means, and then light the top of 
the wick. When the flame runs 
down the cotton to the oil, it gets 
extinguished, but it goes on burn- 
ing in the part above. Now, I have 
no doubt you will ask, how is it 
that the oil which will not burn 
of itself, gets up to the top of the 
cotton, where it will burn? We 
shall presently examine that, but 
there is a much more wonderful 
thing about the burning of a can- 
dle than this. You have here a 
solid substance with no vessel to 
contain it; and how is it that this 
solid substance can get up to the 
place where the flame is? How is 
it that this solid gets there, it not 
being a fluid? or, when it is made 
a fluid, then how is it that it keeps 


together? That is a wonderfyl 
thing about a candle. 

We have here a good deal of 
wind, which will help us in some 
of our illustrations, but tease us ip 
others; for the sake, therefore, of 
a little regularity, and to simplifj 
the matter, I shall make a quiet 
flame—for who can study a sub. 
ject when there are difficulties in 
the way not belonging to it? Here 
is a clever invention of some cos. 
termonger or a street stander in 
the market-place for the shading 
of their candles on Saturday 
nights, when they are selling their 
greens, or potatoes, or fish. I have 
very often admired it. They put 
a lamp-glass round the candle. 
supported on a kind of gallery 
which clasps it, and it can be slip- 
ped up and down as required. By 
the use of this lamp-glass, employ: 
ed in the same way, you have 3 
steady flame, which you can look 
at, and carefully examine, as | 
hope you will do, at home. 

You see, then, in the first in 
stance, that a beautiful cup is 
formed. As the air comes to the 
candle it moves upwards by the 
force of the current which the 
heat of the candle produces, an¢ 
it so cools all the sides of the wax 
tallow, or fuel, as to keep the edg 
much cooler than the part within 
the part within melts by the flame 
that runs down the wick as far a; 
it can go before it is extinguished 
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but the part on the outside does 
got melt. If I made a current in 
me direction, my cup would be 
lopsided, and the fluid would con- 
sequently run over — for the same 
force of gravity which holds 
worlds together holds this fluid in 
, horizontal position, and if the 
cup be not horizontal, of course 
the fluid will run away in gutter- 
ing. You see, therefore, that the 
cup is formed by this beautifully 
regular ascending current of air 
playing upon all sides, which 
keeps the exterior of the candle 
cool. No fuel would serve for a 
candle which has not the property 
of giving this cup, except such 
fuel as the Irish bogwood, there 
the material itself is like a sponge, 
and holds its own fuel. 

You see now why you would 
have had such a bad result, if you 
were to burn these beautiful can- 
dles that I have shown you, which 
are irregular, intermittent in their 
shape, and cannot therefore have 
that nicely-formed edge to the 
cup which is the great beauty in 
acandle. I hope you will now see 
that the perfection of a process — 
that is, its utility — is the better 
point of beauty about it. It is not 
the best looking thing, but the 
best acting thing, which is the 
most advantageous to us. This 
good-looking candle is a_ bad 
burning one. There will a gutter- 
ing round about it because of the 
iregularity of the stream of air 
and the badness of the cup which 
is formed thereby. You may see 
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some pretty examples (and I trust 
you will notice these instances ) of 
the action of the ascending cur- 
rent when you have a little gutter 
run down the side of a candle, 
making it thicker there than it is 
elsewhere. As the candle goes on 
burning, that keeps its place and 
forms a little pillar sticking up by 
the side, because, as it rises high- 
er above the rest of the wax or 
fuel, the air gets better around it, 
and it is more cooled and better 
able to resist the action of the 
heat at a little distance. Now, the 
greatest mistakes and faults with 
regard to candles, as in many oth- 
er things, often bring with them 
instructions which we should not 
receive if they had not occurred. 
We come here to be philosophers; 
and I hope you will always re- 
member that whenever a result 
happens, especially if it be new, 
you should say, “What is the 
cause? Why does it occur?” and 
you will in the course of time find 
out the reason. 

Then, there is another point 
about these candles which will 
answer a question — that is, as to 
the way in which this fluid gets 
out of the cup, up the wick, and 
into the place of combustion. You 
know that the flames on these 
burning wicks in candles made of 
beeswax, stearin, or spermaceti, 
do not run down to the wax or 
other matter, and melt it all away, 
but keep to their own right place. 
They are fenced off from the fluid 
below, and do not encroach on 
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the cup at the sides. | cannot im- 
agine a more beautiful example 
than the condition of adjustment 
under which a candle makes one 
part subserve to the other to the 
very end of its action. A combusti- 
ble thing like that burning away 
gradually, never being intruded 
upon by the flame, is a very beau- 
tiful sight; especially when you 
come to learn what a vigorous 
thing flame is —what power it has 
of destroying the wax itself when 
it gets hold of it, and of disturb- 
ing its proper form if it comes 
only too near. 

But how does the flame get 
hold of the fuel? There is a beau- 
tiful point about that —capillary 
attraction. “Capillary attraction!” 
you say — “the attraction of hairs.” 
Well, never mind the name: it 
was given in old times, before we 
had a good understanding of what 
the real power was. It is by what 
is called capillary attraction that 
the fuel is conveyed to the part 
where combustion goes on, and is 
deposited there, not in a careless 
way, but very beautifully in the 
very midst of the center of action 
which takes place around it... 

Now, the only reason why the 
candle does not burn all down the 
side of the wick is, that the melted 
tallow extinguishes the flame. You 
know that a candle if turned up- 
side down, so as to allow the fuel 
to run up the wick, will be put 
out. The reason is, the flame has 
not had time to make the fuel hot 
enough to burn, as it does above, 
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where it is carried in small quan. 
tities into the wick, and has all 
the effect of the heat exercised 
upon it. 

There is another condition 
which you must learn as regards 
the candle, without which you 
would not be able fully to under. 
stand the philosophy of it, and 
that is the vaporous condition of 
the fuel. In order that you may 
understand that, let me show you 
a very pretty, but very common- 
place experiment. If you blow a 
candle out cleverly, you will see 
the vapour rise from it. You have, 
I know, often smelt the vapour of 
a blown out candle — and a ven 
bad smell it is; but if you blow it 
out cleverly, you will be able to 
see pretty well the vapour into 
which this solid matter is trans. 
formed. I will blow out one of 
these candles in such a way as 
not to disturb the air around it, 
by the continuing action of my 
breath; and now, if I hold a light- 
ed taper two or three inches from 
the wick, you will observe a train 
of fire going through the air till 
it reaches the candle. I am oblig- 
ed to be quick and ready, be- 
cause, if I allow the vapour time 
to cool, it becomes condensed in- 
to a liquid or solid, or the stream 
of combustible matter gets dis- 
turbed. 

Now, as to the shape or form of 
the flame. It concerns us much to 
know about the condition which 
the matter of the candle finally 
assumes at the top of the wick - 
where you have such beauty and 
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brightness as nothing but combus- 
tion of flame can produce. You 
have the glittering beauty of gold 
and silver, and the still higher 
lustre of jewels, like the ruby and 
diamond; but none of these rival 
the brilliancy and beauty of flame. 
What diamond can shine like 
fame? It owes its lustre at night- 
time to the very flame shining 
upon it. The flame shines in 
darkness, but the light which the 
diamond has is as nothing until 
the flame shines upon it, when it 
is brilliant again. The candle 
alone shines by itself, and for 
itself, or for those who have ar- 
ranged the materials. Now, let us 
look a little at the form of the 
fame as you see it under the glass 
shade. It is steady and equal; and 
its general form is that which is 
represented in the diagram, vary- 
ing with atmospheric disturb- 
ances, and also varying according 
to the size of the candle. It is a 
bright oblong — brighter at the 
top than towards the bottom — 
with the wick in the middle, and 
besides the wick in the middle, 
ertain darker parts towards the 
bottom, where the ignition is not 
0 perfect as in the part above. 
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I have a drawing here — of the 
fame of a candle. Here is the little 
fame, and here is represented 
vhat is true — a certain quantity 
f matter rising about it which 
vou do not see, and which, if you 
re not familiar with the subject, 
ou will not know of. Here are 
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represented the 
parts of the sur- 
rounding atmos- 
phere that are 
very essential to 
the flame, and 
that are always 
present with it. 
There is a current 
formed, which 
draws the flame 
out — for the 
flame which you 
see is really drawn out by the cur- 
rent and drawn upward to a great 
height... 





You may see this by taking a 
lighted candle, and putting it in 
the sun so as to get its shadow 
thrown on a piece of paper. How 
remarkable it is that that thing 
which is light enough to produce 
shadows of other objects, can be 
made to throw its own shadow on 
a piece of white paper or card, so 
that you can actually see stream- 
ing round the flame something 
which is not part of the flame, but 
is ascending and drawing the 
flame upwards — You observe the 
shadow of the candle and of the 
wick; then there is a darkish part, 
and then a part which is more dis- 
tinct. Curiously enough, however, 
what we see in the shadow as the 
darkest part of the flame is, in 
reality, the brighest part; and here 
you see streaming upwards the 
ascending current of hot air, 
which draws out the flame, sup- 
plies it with air, and cools the 
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sides of the cup of melted fuel. . . 

And now I have to ask your 
attention to the means by which 
we are enabled to ascertain what 
happens in any particular part of 
the flame — why it happens, what 
it does in happening, and where, 
after all, the whole candle goes 
to: because, as you know very 
well, a candle being brought be- 
fore us and burned disappears, if 
burned properly, without the least 
trace of dirt in the candlestick — 
and this is a very curious circum- 
stance. In order, then, to examine 
this candle carefully, I have ar- 
ranged certain apparatus, the use 
of which you will see as I go on. 
Here is a candle: I am about to 
put the end of this glass tube into 
the middle of the flame — into that 
part represented in the diagram as 
being rather dark, and which you 
can see at any time, if you will 
look at the candle carefully, with- 
out blowing it about. We will ex- 
amine this dark part first. 

Now, I take this bent glass 
tube, and introduce one end into 
that part of the flame, and you see 


at once that something is comin 
from the flame, out at the othe 
end of the tube; and if I put; 
flask there, and leave it for a littk 
while, you will see that something 
from the middle part of the flam 
is gradually drawn out, and gos 
through the tube and into tha 
flask, and there behaves very dif. 
ferently from what it does in th 
open air. It not only escapes fron 
the end of the tube, but fal 
down to the bottom of the flas 
like a heavy substance, as indee 
it is. We find that this is the wa 
of the candle made into a vapor 
ous fluid ...If you blow out 

candle, you perceive a very nas} 
smell, resulting from the conden. 
sation of this vapour I wil 
arrange another tube carefully i 
the flame, and I should not won 
der if we were able, by a litth 
care, to get that vapour to pas 
through the tube to the other e 
tremity, where we will light it, an 
obtain absolutely the flame of th 
candle at a place distant from it 
Now, look at that. Is not that: 
very pretty experiment? 


How to Give Your Talk 


by ANN Ewinc 


> As A SCIENTIST, you will on 
some occasions want to explain 
scientific matters to an audience 
that knows less about them than 
you do. It would be hard to find 
a better model for such a talk 
than Faraday’s “Chemical History 
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of a Candle,” from which th 
foregoing extract is taken. Fw 
simplicity of expression and ip 
fectious enthusiasm, the great e 
perimenter had few equals. 
On other occasions, howeve 
you will want to give a paper « 
your researches before a meetin: 
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of your scientific colleagues. As 
another kind of example, we offer 
you Mr. O. Vapor, who is pretty 
sure to be on the program of any 
sientific meeting you attend. 

When his turn comes and his 
name is called, Mr. Vapor starts 
up from his seat and as he dashes 
for the platform, trips over the 
cord which connects the micro- 
phone. This not only makes an 
awful noise, but requires a minute 
which seems like several) to fix. 
The speaker coughs nervously 
two or three times, adjusts his tie, 
and begins: 


“The tritor hydrochloride _ is 


quite stable.”* 
Since this startling pronounce- 


ment is delivered in an incoherent 
mumble, a few of the braver souls 
in the back of the room start 
squirming and make slight, al- 
most intelligible, motions design- 
ed to tell the speaker inaudibly 
that he cannot be heard. Their 
efforts, however, are useless, for 
the speaker has his eyes glued to 
his paper. He drones on: 

“By hydrolysis of dichlorometh- 
lyn, one is dealing with a mixture 
of voul fluorides, which will really 
reflare fluorine.” 

At this point he turns to the 
blackboard to illustrate his next 
point. Being a very learned man, 
he has not one but two techniques 
with which he can now confuse 
his audience. 

° The quotations used in this article are 


sounded to the audience, for they are 
chemical conference. 
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The first is to scrawl hastily and 
illegibly a long equation, mumble 
something about it, and quickly 
erase it before the audience has 
had a chance to see it. The eraser 
is one which whitens the board, 
thus making future equations 
even more illegible. 

The other method is to cover 
most of the blackboard with a 
long and complicated equation. 
The speaker then shifts back and 
forth in front of the board, talk- 
ing and at the same time erasing 
and replacing parts of the equa- 
tion with new symbols, always 
with his back to the room. 

“If you brought them as a 
function of the distance here, as 
against energy, you will have the 
sum of a repulsive term. . . When 
heated with powder, this gives us 
the dinitro bistro.” 

To illustrate this last point the 
thoughtful speaker has made 
slides. He even has an assistant at 
the back of the room who knows 
that at the word “dinitro bistro” 
the lights should go out and the 
first slide should be shown. After 
some excitement about the loca- 
tion of the switches, the lights do 
go out and the first slide is on the 
screen. It is, needless to say, 
upside down. This is quickly cor- 
rected, but it. still from 
right to left... . 

Mr. O. Vapor could have made 
other, possibly more serious, mis- 


reads 


not imaginary. They must be the way the speaker 
excerpts 


from a stenotypist’s report of an actual 
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takes but, if you want to avoid 
pitfalls which this speaker did 
not, a few suggestions may be 


helpful. 


The two most important things 
to remember, in making a speech, 
are that you must know your sub- 
ject and you must have a strong 
desire to tell your audience about 
it. 

Since you probably have spent 
weeks, months or even years in 
preparation, there is little doubt 
that you know your subject. But, 
if you do not have a firm and 
persistant urge to tell your audi- 
ence about it, better not make a 
speech at all. 


One of the advantages of 
knowing your material thorough- 


ly is that you can spend your time 
looking at the audience. This will 
not only help you tell whether 
you are being understood but it 
will add considerably to the ef- 
fectiveness of your delivery. 


A good method is to pick out 
one person near the front on the 
lefthand side of the audience, 
talk to him for 30 or 40 seconds, 
then shift your gaze slowly to the 
rear on the right side, and talk to 
a person there tor half a minute 
or so. Continuing this procedure, 
but varying the person, will give 
each listener in the audience the 
feeling that you are talking di- 
rectly to him. It will also help 
you to make your delivery con- 
versational. 
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If you know from past e. 
perience that your knees will be 
shaking when you get up in front 
of all those people, stand ere¢ 
and act confident, no matter how 
shaky you feel. 


As an aid to seeming confident, 
it is a good idea to memorize the 
opening sentence or two of your 
speech. This will not only give 
you time to establish your self. 
confidence but will give you a 
chance to judge how your voice 
is carrying. Concise notes on in- 
dex cards, to remind you of the 
main points you wish to cover, 
will carry you through the rest of 
your talk. 

Practice your talk orally, not 
once but several times, and do so 
at least twice in front of a mirror 
Silly as you may feel talking toa 
mirror, this practice will keep you 
from looking silly to your audi- 
ence. 


Remember that before you start 
your speech you have your listen- 
ers with you. They want to hear 
what you have to tell them - 
that is why they are there. If you 
are eager to talk to them and 
have something to say, there is 
no reason why your speech should 
not be a success. 

And take the necessary time 
before the meeting to check the 
mechanical gadgets that help s 
much when they are working 
smoothly but can go so perversely 
wrong if they are not watched 
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How to Photograph Your Show 
and Show Your Photographs 


by FREMONT Davis 


>» YouR sHow or exhibit contains 
a great deal of material. What 
you are doing with it is interest- 
ing. It wouldn’t be a show or an 
exhibit if it weren't. You want 
your pictures of it to be, if pos- 
sible, even more interesting than 
the show. This takes careful 
planning. 

You will want to get pictures 
packed with warm human feeling. 
You accomplish this by shooting 
for human interest as well as for 
the record. Close-ups of young 
people doing things always have 
interest. Animals are interesting 
to people. Original, spectacular, 
action-packed photographs are al- 
ways at a premium. People will 
want such pictures, because they 
constitute the best record of the 
event that you can make. 

You want to get across one idea 
in each photograph. Keep the 
picture simple, and use a plain 
background. Make the lighting of 
the most important things in the 
picture contrast in tone value 
with the rest. This lends emphasis 
to the most important part. 

If you have an art staff avail- 


able, consult with its members 


about the composition of your 
photographs. They can give you 
tips on how to make the arrange- 
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ment of objects in your pictures 
interesting, how to coordinate one 
object with another, perhaps by 
emphasizing shadows, and they 
will remind you that lines divid- 
ing a picture into equal portions 
are to be avoided. 


An artist is trained to see good 
composition. Train yourself to 
look for it. Get story-telling ex- 
pressions and action into your 
pictures. Cultivate a feeling for 
textures, and emphasize shapes 
and planes. The light falling on 
the subject helps you do this. 
In photography, light not only 
takes the picture, it also makes 
the subject interesting. 


Light thrown from below gives 
a weird appearance, suggesting 
mystery. Light from the back will 
give large masses of dark objects 
in the foreground. They will often 
“make the picture,” but be sure 
to give enough exposure to such 
shots. When there is not much 
light on the front areas, faces may 
not be visible if the exposure is 
not long enough. 

Look out for clarity. If you 
wish to show faces, get some light 
on them. To get detail all through 
the picture, keep the light even 
over the whole scene. Surfaces 
reflecting four times as much 
light as others appear very 
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light in the print compared to 
more dimly lighted areas. 


For reproduction, a picture 
should have good separation of 
lights and darks. Good printing of 
the photograph can help, but this 
quality should be taken into con- 
sideration when the exposure is 
made. 


For most uses, the faces of the 
people shown are important. The 
parents and friends of the subject 
are likely to be interested in the 
likeness first and the activity later. 
The school is interested in show- 
ing the exhibit or activity as a 
whole, but the record showing 
who took part is important here 
too. 


Plan your shooting to cover the 
uses to be made of the pictures. 
A comprehensive coverage should 
include:— 


1. Photographs for publicity 
and advertising the show. Make 
these as soon as possible and get 
them out early. Photograph the 
setting up of exhibits and the re- 
hearsals of plays. Keep the groups 


small, using just two or three 
people in a scene. Find interest- 
ing material for story-telling 
photographs. And work with the 
press and your writers and public 
relations people. 

2. Overall shots of the finished 
setup. These will show the scope 
of the undertaking. But even in 


these, try for detail and a close 
up effect, rather than a distanfl 
view with a lot of empty fore 
ground. 


3. Individual participants) 
Many will want these, and perm 
haps you will want to take @ 
picture of every exhibit. A good 
way to handle such orders is té 
put them into the hands of one 
person, who will attend to this! 
detail. Probably a small charge 
will be made for each print order 
ed by individuals. Of course 
some of these pictures will be 
good for publicity. The school 
will often want a file of them for 
the record, so that the next time 
the same sort of activity is at 
tempted those taking part will 
understand better what they are 
to do. A group photograph of 
the staff working on the project: 
should be made, if it is not too 
difficult to arrange. 

4. To tell the story. A series 
of pictures showing a_ typical 
participant carrying out each step 
in the preparation of an exhibit, 
from laying out the plan and 
assembling the materials to the 
completed event, makes an inter- 
esting record. If a movie camera 
is available, such a sequence 
makes a fine story. 


% 


5. News coverage. Be sure to 
get good pictures, for the papers, 
of any news events in connection 
with your show. 
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> PHorocrapus tell a story. Here Dr. W. H. Sebrell, Jr., director, 
National Institutes of Health, Bethesda, Md. is illustrating a point 
with photographs. 


If you have pictures, let people 
see them. Many people will see 
them if they are published in a 
newspaper or magazine. A con- 
siderable number of interested 
people will see them if they are 
posted in public places. If they 
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are used in an exhibit the chances 
are that they will be seen by a 
fair number of very appreciative 
people. Very few people will see 
them if they are left unmounted 
in a more or less private place. 
And no one will see them if no 
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prints are made from your nega- 
tives. 

For reproduction, make the 
prints on glossy paper and keep 
the print snappy in tone value 
but not too black-and-white. The 
size should be 5 x 7 inches or 
larger. The most standard sizes 
are 8 x 10 or 6 x 8. Interesting 
pictures with good news stories 
make acceptable items for use in 
publications. 

Pictures to advertise a show or 
aid in any other project should be 
mounted. Good mounting dresses 
up a picture and puts it to work. 
Pictures must be placed so that 
they are easily seen. 

The standard size mount for 
many exhibit purposes is 16 x 20 
inches. Boards for the purpose 
may be purchased in this size. 
Often the rules for salons of 
photography require that prints, 
whatever their size and shape, 
must be mounted on these stiff 
cardboards in such a way that the 
mounts may be hung vertically. 

To mount your picture easily, 
and get it straight, first place the 
print on the mount board in the 
exact position you want it when 
finished. Make two dots to mark 
the position along one of the long 
sides of the print, and one dot on 
one of the short sides. These three 
dots determine the position of the 
print. Pour a small pool of rubber 
cement onto the back of the print 
and spread it with the stiff straight 
edge of a piece of cardboard or 
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wood. Similarly coat the area 
print is to cover on the mour 
Let the two surfaces dry. 


Now put the print down ont 
mount boarrd at the two dots you 
made along the long edge. Make 


sure that the short side comes toa 


its mark. Then roll the print do 
with a rolling pin, working from 
the center outward, until it is 
stuck tight. This makes a very 
tight bond, which is fairly per 
manent. Drawings, newspaper 
clippings, maps, or any other 
illustrative material for your ex 
hibits may in the 
same way. 


be mounted 


To get illustrations up to eyé 
level so that they may easily be 
seen sometimes requires a bit of 
doing. They must be near eye 
level if they are 8 x 10 or 11 x 14 
The greater the distance from eye 
level, the larger they should be. 
Stiff cardboard stands may be 
made and added to your lasting 
equipment. 


Hanging may range from a wire 
between two poles, with prints 
hung by clothes-pins, to an art- 
gallery-type of installation with 
recessed flood-lighting for the ex- 
hibits. The kind you build will 
naturally depend on your re- 
sources and the character of the 
surroundings in which your pic- 
tures will be shown. In even the 
plainest environment it is possible 
to show them with dignity, good 
taste and pride of craftsmanship. 
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{IBITS 


> Jusr before the doors of the fair open. Good publicity through 
newspaper stories, radio, TV and various announcements will fill the 
exhibition hall to overflowing when the public is admitted. Thousands 
if people visit the fairs, often from localities many miles away. 


How to Press Agent Your Show 


by Watson Davis 


>» WueEN the old-fashioned circus 
used to come to town, one of the 
most important behind-the-scenes 
performers was the man who 
ballyhooed the newspapers, the 
billboards and the 
windows. 

He man, a 
press agent and a seeker of free 
publicity, unashamed and unre- 
pentant. 

The elephants pranced, the 


store show- 


was an advance 
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clowns cavorted, the acrobats did 
their flings, and the daring young 
man high. But the 
jovial press agent, with 
plentiful passes sticking out of his 
pockets, was in the old days no 
less a part of the show. 


All the skills of the old-time 
press agent are needed for the 
modern publicity for the things 
that people want to sell these 
days, whether they are toothpaste, 
soap powder, the qualities of 


swung on 
circus 





would-be statesmen or the Holly- 
wood production that aspires to 
be the big show of today. 

To the newspapers, posters and 
parades of yesteryear, there have 
been added radio, television, 
loudspeakers on trucks, sky writ- 
ing, prize contests, and even the 
cultivated word-of-mouth or col- 
umnist-bred rumor. These are all 
forms of publicity — advertising, 
whether paid or free. 

Whether it is a circus, a medi- 
cine man selling a nostrum, a 
department store or a fair or 
show you are giving at your 
school, the appeals for attention, 
prestige and patronage are much 
the same. 

You try to reach as many 
people as you can — or as you 
wish to interest. 

A commercial enterprise puts 
advertisements in the newspapers, 
sponsors radio announcements, 
and tries to get its products writ- 
ten about in the news columns 
or gossiped about by columnists 
and commentators. 

An entertainment in a school 
may be publicized by announce- 
ments at regular assemblies, no- 
tices read by teachers to classes, 
posters in the hall ways, informa- 
tion chalked on_blackboards, 
mimeographed circulars and even 
a whispering campaign that 
capitalizes on human curiosity. 

The school newspaper will be 
used for news stories and ad- 
vertisements. Tickets will be sold 
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vigorously if there is to be an 
admission charge. Holding the 
show in class time, a mild form 
of bribery to an audience, may 
be arranged if the teacher or 
principal can be won over. Even 
parents may be enticed to come 
if the publicity is extended out- 
side the school and the students 
dramatize the show to the folks 
at home. 

If the city newspaper sees a 
feature story in it, the city editor 
may assign a reporter and a 
photographer to cover it. To per- 
suade them, hand-outs (that’s 
technical for an article that is 
written for publicity purposes) 
can be prepared and sent to all 
the newspapers and radio sta- 
tions. They might start like this: 

“A pretty girl will be kissed 
with shocking results at—” 

“Wine will be made out of 
water on the high school stage 
tonight—” 

You get the idea. Photographers 
at a rehearsal a week before the 
show can get pictures that will 
appear in the papers before the 
show and thus attract people to it. 

Perhaps you can get the show 
on television. At least, a local 
radio station can be persuaded to 
put on a spot announcement — 
or the young scientists can try to 
get themselves invited to make 
guest appearances. 

Perhaps you can invent a new 
idea in press agenting your show 
or fair. 
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51 
55 


{cetone vapor produces flames 
\ction in exhibits 
\larm clock for electric control 


\LKALOIDS FROM BOTANICAL 
DRUGS, by Stanley Marshall 


\LPHA, BETA AND GAMMA RAYS, by 
Kibbee Streetman 

4mmonia bleaches dyed flowers, color re- 
stored by fanning 

4mmonium dichromate, for “‘volcano” 

Animals, large, cannot be entered in Na- 
tional Science Fair 

{ntimony, melted, scorches trails on 
paper 

Asbestos board protection 

Bearings, snap fasteners as 

Bell wire, for low-voltage loads 

BENNETT, MARIAN: 
sitive Compounds 

Benzoic acid, makes artificial snowfall 

Bibliographies: 
Alkaloids From Drugs 
Temperature Sensitive Compounds 
Vanadium 

‘Bouncing Putty”, 
(water glass) 


Temperature 


from sodium silicate 


55 
64 


Sen- 


Boys’ exhibits judged separately from girls’ 


Burning ice 

Burning solids 

Bubbles, explosive, hydrogen and oxygen 

CANDLE, CHEMICAL HISTORY OF 
A, (Extract) by Michael Faraday 

Candles, “self-lighting’”’ by means of met- 
allic sodium 

Carbon disulfide solution of white 

phorus, for burning ““Welcome” 

portable, for exhibit 

Certificates for science fair exhibitors 

CHEMICAL HISTORY OF A CANDLE, 
(Extract) by Michael Faraday 

Chemical Surprises 

Colored Fires 

COME TO THE FAIR! 

Copper with acetone produces flames 

Copper sulfate gives red-brown color with 
potassium ferrocyanide 

Counter, Geiger 

Crystallization of hypo solution 

CRYSTALS, METHODS OF MAKING 

Dangerous materials prohibited in Nation- 
al Science Fair 

Dark room, miniature, for exhibits 

DAVIS, FREMONT: 
Your Show 
graphs 

DAVIS, WATSON: 
Your Show 

Diorama as display setting 

Disappearing ink 

DISPLAY IDEAS FOR 
Joseph H. Kraus 

Dome _ construction 

Dyes make colored smoke 


ECOLOGY OF PROTOZOA, by 
A. Webster 


phos- 
sign 


Case, 


How to Photograph 
and Show Your Photo- 


How to Press Agent 
EXHIBITS, by 


Norman 
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ELDRIDGE, DAVID C.: 
Electric bell in control 
Electrical Safety Rules 
EWING, ANN: How to Give Your Talk 
EXHIBIT TELLS A STORY 
EXHIBITS, DISPLAY IDEAS 
Joseph H. Kraus 
Explosion, hydrogen 
bubbles 
Explosive, ticklish, nitrogen triiodide 
Explosives prohibited in National Science 
Fair 


FARADAY, 


Vanadium 
apparatus 


FOR, by 


and oxygen soap 


MICHAEL: 
History of a Candle, 

Ferric chloride with potassium 
nide gives blueing 

Ferric chloride with potassium thiocyanate 
gives “red wine” 

Ferric chloride with 
black ink 

Ferrous sulfate gives 
potassium ferrocyanide 

Fire, all-star sparkling 

Fires, colored 

FIREWORKS AND COLORED FLAMES 

Flames, colorful 

Flames from lead tartrate 

Flames produced by acetone 
copper or silver 

Flames, zinc dust with 
trate and ammonium 

FLARES AND BANGS, 

Flares, how to construct 

Flashers for exhibits 

“Flower Pot”, fireworks 

Fluorescent materials, dark room for 

Friction drive uses rubber stopper 

Fuse for electrical exhibit 

Geiger counter 

Girls’ exhibits 
bovs’ 

Gun cotton, method of preparation 

“Hot Stuff’ 

HOW TO GIVE 
Ewing 

HOW TO PHOTOGRAPH YOUR SHOW 
AND SHOW YOUR PHOTOGRAPHS 
by Fremont Davis 

HOW 
by Watson Davis 

Hypo”, quick crystallization 

Ice, burning, caused by calcium carbide 

Illusion box for light changes 

Ink, disappearing 

Ink, sympathetic 

lodine with zine gives purple smoke 

Judging the science fair 

KRAUS, JOSEPH H.: 
Exhibits 

Labels for exhibits 

Lead nitrate gives milky 
tassium ferrocyanide 

Lead tartrate ignites spontaneously 

Lettering for exhibits 

“Logs”, sawdust, for colorful flames 

Magic pitcher, many liquids from 


The Chemical 
(Extract) 
ferrocya- 


tannic acid gives 


green color with 


with 


vapor 


ammonium 
chloride 


A Word About 
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MARSHALL, STANLEY: Alkaloids from 
Botanical Drugs 

Materials, dangerous, prohibited at Na- 
tional Science Fair 

Materials, safe, substituted for dangerous 

Medal for National Science Fair 
finalists 

Mecuric chloride with potassium iodide 
simulates “‘orangeade” 

Mecuric chloride with potassium _thio- 
cyanate for “gruesome snake” 

Mercuric nitrate gives yellow color with 
potassium ferrocyanide 

Miniature worlds 

Molds for displays 

National Science Fair 

Newspapers aid in Science Fair 

Nickel nitrate gives greenish color with 
potassium ferrocyanide 

Nitrocellulose, gun cotton 

Nitrogen triiodide, ticklish explosive 

Non-circular turntable 

“Orangeade”, potassium iodide with 
mecuric chloride 

Papier mache 

Phenolphthalein gives scarlet color with 
alkaline solution 

Phosphine rings 

Phosphorescent materials, dark room for 

Phosphorus, white, in carbon disulfide, 
burning “Welcome” 

Phosphorus, white, ignites with potassium 
chlorate 

Phosphorus, white, with potassium 
hydroxide gives phosphine 

Pitcher, magic, pours “red wine”, blueing, 
black ink, “cold tea” 

Plants, shipping regulations for 

Poisons prohibited at National Science 
Fair 

Potassium chlorate for burning 
“Welcome” sign 

Potassium chlorate ignites with white 
phosphorus 

Potassium dichromate with potassium ni- 
trate and sugar makes “serpent eggs” 

Potassium ferrocyanide with ferric 
chloride gives blueing 

Potassium ferrocyanide gives a_ variety 
of colors 49, 

Potassium iodide with mercuric chloride 
simulates “‘orangeade” 

Potassium nitrate with potassium dichro- 


mate and sugar makes “serpent eggs” < 


Potassium thiocyanate with ferric salt 
gives red color 

Potassium thiocyanate with mercuric 
chloride makes “snake” 

Precautions against loss at fairs 

Prizes in science fairs 

Projector, star 

PROTOZOA, ECOLOGY OF, by Norman 
A. Webster 

Push-buttons prohibited for 110-volt 
current 

PUTTING ON A SHOW 

“Putty, Bouncing’, from sodium silicate 
(water glass) 

Pyrogallic acid gives brown color with 

potassium ferrocyanide 





RAYS, ALPHA, BETA AND GAMMA, by 


Kibbee Streetman 34 
Rubber stopper for friction drive 56 
Rules, electrical safety 15 
Rules for judging science fairs 8 
RULES OF THE FAIR 1 
Safe materials instead of dangerous 12 
Safety rules, electrical 15 
Science Clubs of America 6 


Science Fair: 
Certificates 


6 
Exhibits, hints for 9 
Judging g 
Newspaper aid in 5 
Prizes 6 


Rules for 


Scholarships as prizes in science fairs 6 
Self-lighting candles 47 
“Serpents’ eggs” 43 
SHAPING UP YOUR EXHIBIT 10 
Shipping plants, regulations for 13 


SHOW, PUTTING ON A 
Silver nitrate gives milky color with 


potassium ferrocyanide 54 
Silver with acetone produces flames 51 
Smoke, brilliant colored, from dyes 46 
Smoke, purple, from iodine with zine 48 
“Snake” from mercuric thiocyanate 49 
Snap fasteners for bearings 67 


“Snow” simulated by benzoic acid 
Sodium for self-lighting candles 


a 

Sodium silicate forms “bouncing putty” 52 
Solids, burning 50 
Souvenir hunters at fairs 12 
Sparklers, how to make them 44 
Spontaneous combustion 

of heated lead tartrate 52 

of phosphorus in carbon disulfide 39 

of potassium chlorate with 

phosphorus 40 
Star projector 71 
Storage battery, location in exhibit 15 
STREETMAN, KIBBEE: Alpha, Beta and 

Gamma Rays 34 
Stroboscope to freeze motion 65 
Stroboscopic effect, dark room for 61 
STUDENTS’ PROJECTS 7 
SURPRISES, CHEMICAL 39 
Sympathetic Inks 76 
Tannic acid with ferric chloride gives 

black ink 48 
rFEMPERATURE SENSITIVE COM- 

POUNDS, by Marian Bennett 25 
Travelling, how to construct an exhibit for 11 
rRICKY EFFECTS 49 
Trophy for school of finalists in National 

Science Fair 6 
VANADIUM, by David E. Eldridge 7 
Volcano made with ammonium dichromate 49 
Water glass forms “bouncing putty” 52 
WEBSTER, NORMAN A., Ecology of 

Protozoa 19 


“With Awards” in National Science Fair. 7 
WORD ABOUT FLARES AND BANGS, A 41 
Worlds, Miniatu-e 69 
Zinc dust gives white flame 48 
Zine dust with iodine gives purple smoke. 48 
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ancement of Science: Kirtley F. 


The Activities of Science Service 


re directed toward presenting science in all its aspects to the 
people of the world. Through newspapers, radio, magazines, experi- 
mental kits and other media, science is interpreted and diffused. 


for Individuals: 


CHEMISTRY presents the background 
d current progress of a great and im- 
ortant field of science, in attractive 
cket-size format. Illustrated, with enter- 
ining features that aid the student 
Published monthly September through May 


THINGS of science monthly 

or bulky envelope of science 

ind experimental materials. Thess 

unusual, natural or fabricated pro- 

cts are accompanied by complete ex 

nations suggested experiments and 

useum-style legend cards for each speci- 

en included in the unit. $5 a vear, 75 
T unit 


consists 


ENCI NEWS LETTER weekly 
izes the march of science for 
ientists and non-scientists alike. This 
sual magazine-style report brings you 
newest information on changes and 
gress in all fields of science and inven- 
reporting meetings, summarizing 

| articles and reviewing books. $5.50 


ur 


SCIENTIA INTERNATIONAL, monthly 
edition of Science News Letter in Inter- 
lingua, the new international language. 
One year subscription (12 monthly issues) 
$2.00 


For Newspapers: 
NEWS AND FEATURE’ SERVICES 


that provide daily newspapers and other 
publications with complete, authoritative 
and interesting coverage of all advances 
of science. Daily wire and mail news re- 
ports, monthly star map, weekly science 
feature article, weekly gadget 
heaith column, ete. are serviced 


column, 


For Groups: 
SCIENCE CLUBS OF AMERICA, ad- 


ninistered by Science Service, brings 
together and provides material for 15,000 
clubs in secondary schools and elsewhere, 
conducts annually the Science Talent Search 
ind the National Science Fair, and stimu 
lates study and research by boys and girls 
is a hobby activity. Affiliation is fre« 


SCIENCE SERVICE is the endowed, non-profit institution for the 


popularization of science, 


Board of Trustees Nominated 
the American Association for the Ad- 
Mather, 
vard University; Paul B. Sears, Yale 
rsity; Karl Lark-Horovitz, Purdue 
rsity. Nominated by the National 
idemy of Sciences: Edward U. Condon, 
ley, Calif.; Harlow Shapley, Harvard 
Observatory; George W. Corner, 

gie Institution of Washington. Nomi- 
ted by the National Research Council: 
G. Harrison, Yale University; Leonard 
ichael, Smithsonian Institution; 
Hunsaker, Massachusetts Institute 
chnology. Nominated by the Journal- 


tic Profession: Neil H. Swanson, Ruxton, 


O. W. Riegel, Washington and Lee 
rsity; Michael A. Gorman, Flint Jour- 
Nominated by the Scripps Estate: 
vard J. Meeman, Memphis Press- 
itar; John T. O'Rourke, Washington 
y News; Charles E. Scripps, Cincina- 
Yhi 


incorporated and 


established in 1921. 


National Headquarters 
1719 N Street, N.W. 
Washington 6, D. C. 











